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Winter Rations for Dairy Heifers 
C. H. EcKLES 
The expense incurred each year in raising heifers to replace the 
discarded dairy cows of the United States is a severe tax upon the 
dairy industry. Approximately twenty-three million dairy cows are 
in use at present. Experience shows that the period of usefulness 
of each of these animals is, on the average, not much over five 
years. This means that more than four million heifers must be 
raised each year; and siHce heifers are at least two years old when 
they come into milk, between eight and nine million heifers are 
found at any time in the herds in the United States. Data gathered 
by Experiment Stations1• 2 and the United States Department of 
Agriculture show that the average cost of raising a heifer, under 
the normal prices of feeds within recent years, is from $60 to $80. 
Assuming that the cost is $75 and that the dairy farmer has, on 
the average, to raise two heifers each year for each ten cows he 
has in milk, the cost of replacing his discarded cows will then 
average about $15 a year for each animal he has in milk. This does 
not include the income from discarded cows sold for beef. 
There are several important phases to the general question of 
raising dairy heifers. In addition to the important economic side 
suggested, the question is always before the owner as to a possible 
relation between the manner of raising the young animals and their 
milk producing abilities when mature. This question was the object 
of an extended investigation by the Missouri Experiment Station 
and the results are already in print.3 
The object of this publication is to give data that have been taken 
during experiments which cover five winters with regard to rations 
for wintering growing heifers. An examination of the material 
published on this subject shows that little attention has been given, 
in an experimental way, to the questions of rations and proper 
methods of feeding growing cattle between the milk feeding age 
and the time of first freshening. The experimental work which has 
been done concerns beef cattle chiefly. \iVith this class of animals 
it is desirable that growth should proceed at a somewhat more 
rapid rate than for dairy cattle. For this reason the results can be 
applied only in a limited way to dairy heifers. · The experiments 
which are the basis of this bulletin include observations and data on 
seventy-six animals. · The data reported for Experiment 1 in which 
1. The Cost of Feeding Heifers. Trueman, J. M., Storrs Exp. Sta., Bul. 63, pp. 
144-160, 1910. 
2. Raising Dairy Heifers. Hayden, C. C., Ohio Exp. Sta., Bul. 289, pp. 1-30, 1915. 
3. The Ration and Age of Calving as Factors Influe ncing the Growth and Dairy 
Qualities of Cows. Eckles, C. H ., Mo. Exp. Sta., Bul. 135, pp. 1-91, 1915. 
(l) 
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the animals were wintered on alfalfa alone are taken from the 
records of an investigation by the author concerning the raising of 
heifers, the results of which have already been published. The 
seventeen animals used in Experiment 1 were purebred heifers of 
the Jersey and Holstein breeds, the ages of which varied from 6 to 
16 months. 
The data from the forty-nine other animals were taken in a 
series of special wintering experiments. During each of the last 
five winters groups of dairy heifers have been placed on experiment. 
The periods covered were 150 days in each of three trials, 180 days 
in one, and 158 days in another. The animals were all purebred 
heifers of varying ages, and were dropped in the University herd. 
Complete data were, therefore, available. It has not been possible 
to use animals of uniform ages, since no attempt is made to have 
the calves in the station herd born at any special season of the year. 
Each winter the details of the experiment have been in charge of 
a graduate student in dairy husbandry. At the close of each winter-
ing experiment a plan for the following year was made based upon 
the results obtained. 
It was assumed from the first that the problem of maturing 
the dairy heifer most economically requires that the ration should 
come, so far as is possible, from roughage, since under farm condi-
tions roughages usually serve as the cheapest source of nutrients. 
Furthermore, roughage of some kind is available on all dairy farms, 
much of which cannot be marketed except by feeding it to livestock. 
The problem of wintering the heifer as it appears to the practical 
farmer is how best to utilize the forage grown on the farm, and at 
the same time develop the dairy animals to the best advantage. In 
-a large section of the United States corn silage furnishes the cheap-
est source of nutrients for cattle and, furthermore, this roughage 
must be fed on the farm where it is produced or close by. F or this 
reason the questions as to what extent, and how silage may be 
used to the best advantage have received special attention thruout 
the experiments. 
A general idea of the experiments conducted may be obtained 
from the following outline which gives the number and breed of 
animals used and the rations received. 
Experiment 1, 1907- 1911 
Group 1.-Ten Jerseys, ages six to sixteen months. Ration, alfalfa alon:e. 
Group 2.-Seven Holsteins, ages six to fifteen months. Ration, alfalfa 
:alone. 
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Experiment 2, 1913- 1914 
Group 3.-Two Jerseys, one Holstein, ages eight to thirteen months. 
Ration, silage at will, one pound each of corn and cottonseed meal. 
Group 4.-0ne J ersey, one Holstein, one Ayrshire, ages nine to thirteen 
months. Rations, clover at will and three pounds of corn daily. 
Experiment 3, 1914- 1915 
Group 5.-Two Jerseys and two Holsteins, ages eight to fifteen months. 
Ration, alfalfa at will and two pounds of com daily. 
Group 6.-Two Jerseys and two Holsteins, ages ten to fi fteen months. 
Ration, silage at will, two pounds of timothy, one of com, and one of cotton-
seed meal daily. 
Group 7.- Two Jerseys, two Holsteins, ages nine to seventeen months. 
Ration, silage and alfalfa at will, but always fed in proportion of three to 
one. 
Experiment 4, 1915 -1916 
Group 8.-0ne Jersey, two H olsteins, two Ayrshires, ages thirteen to 
twenty-one months. Ration, silage three parts, alfalfa one part, roughage at 
will, but always in the same proportion, and corn two pounds daily. 
Group 9.-Two Jerseys and two Holsteins, ages nine to seventeen months. 
Ration, alfalfa at will and three pounds of corn daily. 
Group 10.-Two Jerseys, two Holsteins, ages seven to sixteen months. 
Ration, silage at will, timothy two pounds and grain (com one-half and 
cottonseed meal one-half) in sufficient quantities to make the protein and 
energy equal to that in the ration fed to Group 9. · 
Experiment 5, 1916 -1917 
Group 11.-0ne Jersey, one Ayrshire, two Holsteins, ages ten to thir teen 
months. Ration, silage at will, alfalfa one pound for each 100 pounds live 
weight of animal, and corn two pounds. 
Group 12.-0ne Ayrshire, two Holsteins, ages from ten to fourteen 
months. Ration, silage at will, alfalfa and corn each one pound per 100 
pounds live weight of animal. 
Group 13.-0ne Jersey, one Ayrshire, two Holsteins, ages eight to thirteen 
months. Ration, silage at will, timothy at will, corn if necessary to make 
average daily gain of one-fourth pound. 
Experiment 6, 1917-1918 
Group 14.-Three Holsteins, three Jerseys, one Ayrshire, ages eight to 
fourteen months. Ration, silage at will, alfalfa not to exceed six pounds, 
two pounds of corn for animals under one year old, and one pound for those 
more than one year old, or a sufficient amount to produce normal growth. 
Group 15.-Four Holsteins, two Jerseys, one Ayrshire, ages eight to 
seventeen months. Ration, silage at w ill and six pounds o f alfalfa. 
Group 16.-Two Holsteins, one Jersey, one Ayreshire, ages nine to 
eleven months. Ration, alfalfa at will and silage at will. 
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GENERAL PLAN OF EXPERIMENTS 
Animals used.-The heifers used in the series of experiments 
included in this bulletin were all purebred animals of the Holstein, 
Jersey and Ayrshire breeds in the University herd. It was impos-
sible to select a sufficient number of animals of a uniform age to 
form the groups, due to the fact that the cows in the herd are not 
bred to calve at any special season of the year. While this variation 
in ages has its disadvantages, it also has the advantage of making 
possible observations upon the relation of the age of the animal to 
the adaptability of the rations used. In selecting the animals and 
arranging the groups, attention was given to making the division 
such that the conditions would be comparable so far as practicable 
with reference to age, breed and condition of animal. The difficulty 
which would be expected in getting a fair basis of comparison for 
the results with groups containing animals of varying ages, was 
overcome by making all comparisons to "normal growth" for the 
breed and age. 
For the last six years the author has been accumulating data 
concerning the normal growth of dairy animals of the breeds repre-
sented in the University herd. The plan has been to take weights 
and measurements of dairy heifers at monthly intervals from birth 
to maturity, and to limit the records to animals kept under what are 
considered normal conditions in the herd. These data are still some-
what incomplete for animals nearing ~aturity and have not as yet 
been published in full. The use of these normal growth figures as 
a basis for comparison makes it possible to compare the gains of 
an animal of one age with those of another of a different age by 
comparing both with the normal rate of growth for an animal of 
the same breed and age. 
Stabling.-Most of the animals used were housed in a small 
barn built for the purpose, where provisions were made for each 
animal to be confined in an individual stall or tied in a stanchion 
when desirable. It was then possible to keep an accurate individual 
feed record. During fair weather the animals were turned loose m 
a lot thru the day where they had access to salt and water. 
Weights and measurements.-It has been found impossible to 
measure properly the growth of animals either by weights or by 
measurement of skeletal growth alone. As has already been pointed 
out by the author, as the result of experimental data, that under 
liberal conditions of feeding, the rate of growth as represented by 
weight is different from the rate as measured by skeletal growth.4 
4. Factors Influencing the Growth of Dairy Heifers. Eckles, C. H., and Swett, W. 
W., Mo. Exp. Sta., Research Bul. 31, 1918. 
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When the ration is somewhat limited the reverse is true, and the 
skeletal growth is retarded much less than the gain in weight. \Vhile 
the rate of skeletal growth can be influenced by the character of the 
ration, the tendency is strong for it to continue at or near the normal 
rate; and only a rather wide variation in the ration exerts any 
marked effect. The gain in weight is much more under the control 
of the ration. For this reason the only satisfactory manner so far 
determined for measuring growth is to include both ·weight and some 
measurement to represent increase of skeleton. In these experi-
ments the height at withers was used as a measure of the growth of 
the skeleton. 
The animals were placed first on a preliminary period of 
about ten days to accustom them to the ration which they were to 
receive. Weights were then taken three days in succession at the 
time set for the beginning of the experimental data and the average 
of the three was used as the starting weight. At the end of each 
thirty days, weights were again taken in the same manner. 
The height measurements were taken with a measuring stand-
ard at the beginning of the experiment and at the end of each thirty 
days. When the height measurements were taken the animal was 
placed on a flat, smooth floor and measured three times. Tb~ ani-
mal was moved about between measurements. This was to avoid 
error in measurement due to the relaxing of the muscles, a precau-
tion necessary to obtain accuracy, as pointed out by the author in a 
previous publication. 5 
EXPERIMENTAL DATA 
In the following pages the data for the entire experiment are 
given by groups. The results for each particular ration are pointed 
out in connection with the data concerning the group receiving this 
ration; but all comparison between groups, and of results from dif-
ferent rations are give1." in another division of the bulletin. 
In presenting these data certain comparisons are made betv c:en 
the ration received and feeding standards. When these comparisons 
are made it should be understood that the protein given is that 
prescribed by the Wolff-Lehmann standard,6 and the net energy 
that prescribed by the Armsby standard.7 The reason for using the 
protein as prescribed by the Wolff-Lehmann standard is the uncer-
tainty regarding the assumption by Armsby, that only "true protein" 
is used by animals. Since the rations used in many cases included 
5. Factors Influencing the Growth of Dairy Heifers; Eckles, C. H., and Swett, W .. 
W., Mo. Exp. Sta., Research Bul. 31, 1918. 
6. Feeds and Feeding. Henry and Morrison, 15th Edition, p. 668, Pub. Henry• 
Morrison Co., Madison, W isconsin, 1915. 
7. The Use of Energy Values in the Computation of Rations for Farm Animals. 
Armsby, H . P., U. S. Dept. Agr. Bul. 459, pp. 1-29, 1916. 
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considerable amounts of alfalfa hay which contains a large propor-
tion of the class of proteins excluded by the Armsby standard, it 
seemed advisable to compare protein on the basis of the "digestible 
crude protein" rather than the "amid free" or ':true protein". In 
making the calculation involved, the average figures for digestible 
crude protein as given for the various feed-stuffs by Henry and 
Morrison8 are used. 
In the opinion of the author the heat or energy value of a ra-
tion is best expressed by the "net energy value", as used by Arms by. 
The figures used for the feedstuffs involved in the calculations for 
this value are taken from those given by Armsby and Fries.9 
EXPERIMENT 1 
These data are a part of those taken in connection with an in-
vestigation concerning the raising of dairy heifers, the major facts 
of which have already been published.10 The animals used in this 
experiment received neither grain nor concentrates until after the 
first freshening. All received skim milk with alfalfa hay, for the 
first six months. Part of the animals were turned to pasture dur-
ing the summer, while others received alfalfa hay exclusively from 
the time the feeding of skim milk ceased until after the first calv-
ing. In feeding the alfalfa, an attempt was made at all times to 
give the animals all they would consume without waste. The data 
used herein represent in each case a five-months period beginning 
November 1, altho all data do not represent the same year. These 
data are given in Tables 1 and 2. These seventeen animals were, 
TABLE I.-EXPERIMENT 1, GROUP 1 
Ration, alfalfa at will 
Average daily ration 
Hord Breed Age at Alfalfa 
No. beginning 
mo. da lb;. 
48 --~·--···············-········- ········· · · Jersey 5° 29 8.9 
22 .......................................... Jersey 7 ° I6 9.6 
14 
··-····--------------············--······· 
Jersey 8 ° 20 12.7 
3 
··----------------------------------·-·-·· 
Jersey 9 ° IS Il.O 
59 
-·-··················-········-·······-···· 
I Jersey 12 ° 29 I0.2 
57 ..•....................................... Jersey I3 ° I9 I().2 
1I ·······~·································· Jers~y I4 ° I4 15.6 
55 .......•.......................•.......... Jersey I4. 17 I0 .7 
23 
··-··-·-································· 
Jersey IS. I9 IS.4 
39 ·······-·-·········-~···················· Jersey IS. I9 14.3 
Average 
-··-····-···················-··-
11 0 25 11.9 
8. Feeds and Feeding. Fifteenth Edition, p. 653. 
Digestible 
Crude 
protein 
lbs. 
.94 
1.02 
1.34 
l.I7 
1.09 
1.08 
1.66 
1.13 
1.62 
1.52 
1.26 
Net energy 
therms 
."? n t 
3.28 
4.36 
3.77 
3.SI 
3.49 
5.36 
3.65 
5.28 
4.9I 
4.07 
9. Net Energy Values for Ruminants. Armsby, H. P., and Fries, J. A., Penn. 
Exp. Sta., Bul. I42, pp. I-20, I916. 
10. The Ration and Age of Calving as Factors Influencing the Growth and Dairy 
Qualities of Cows. Eckles, C. H., Mo. Exp. Sta., Bul. I35, pp. I-91, I9IS. 
Herd No. Weight 
at be· 
ginning 
lbs . 
48 -~----· 264 
22 
-------· 
265 
3 
--------
325 
14 ........ 315 
59 
--------
398 
57 
--------
436 
55 
········ 
470 
23 o•o•ouo 557 
11 
-------· 
439 
39 ........ 441 
Average 391 
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TABLE 1.-( Continued) 
Normal Gain Normal Height Normal 
weight per day gain withers, heigh t 
for age per day beginning withers 
lbs. lbs. I lbs. em. em. i 260 0.37 1.14 ........ 
--------
358 0.59 0.70 93 .9 ~8.5 
391 0.50 0.83 99 .2 104.2 
376 0.75 0.84 97.8 102.8 
480 0.37 0.61 107.5 110.1 
474 0.43 0.74 ........ 
--------
515 0.20 0.62 ........ 
········ 530 0.51 0.85 113.0 113.4 
517 0.65 0.61 106.5 112.0 
533 0.73 0.77 105.0 113.4 
443 0.51 0.77 103.3 107.8 
TABLE 2.-EXPERIMENT 1, GROUP 2 
Ration, a! fa! fa at will 
Gain 
height 
em. 
-·--
9.~ 
7.8 
5.7 
2.0 
.... 
.... 
4.0 
6.0 
3.5 
5.5 
Average daily ration 
9 
Normal 
gain 
height 
em. 
• ••• u 
10.9 
8.1 
8.6 
5.5 
··----
·····-
3.4 
5.1 
4.5 
6.6 
Herd 
No. 
Breed Age at 
beginning 
Alfalfa Digestible Net energy 
Crude 
mo. da. lbs. 
226 
-----------------········-·-············ 
Holstein 6 . 21 11.4 
213 
-----------------------·-·---------····· 
Holstein 7 . 24 10.2 
224 
·····------·····----------------------·· 
Holstein 9 0 13.0 
219 .............................. ______ ___ Holstein 9 0 11.4 
228 
-------·············· ··················-
Holstein 11 • 15 12.5 
222 
················-·····-················-
Holstein 14 -12 17.5 
215 
···--·-································· 
Holstein 15 0 17.5 
Average 
································ 
10 14 13.4 
TABLE 2.- (Continued) 
Herd No. I Weight I No_rmal ., 
at be · wctght 
ginning for age 1 
Gain I Normal I Height I per day gain wit~er?, 
per day begmnmg 
lbs. Ibs. lbs. I lbs. em. 226 
······ 
330 389 0.69 1.12 98.7 
213 ...... 460 425 0.60 0.91 ........ 
224 ...... 333 466. 0.86 0.87 99.0 
219 ...... 343 466 0.81 0.87 98.0 
228 ...... 380 543 0.63 0.86 104.5 
222 ...... 474 596 1.00 0.79 110.0 
215 ...... 585 
I 
612 0,60 1.22 115.5 
Average 415 500 0.76 0.95 104.3 
protein 
Ibs. 
1.21 
1.08 
1.37 
1.21 
1.33 
1.86 
1.86 
1.42 
Normal 
height 
withers 
em. 
104.0 
. ..... .. 
109.1 
109.1 
113.4 
118.1 
118.8 
112.1 
Gain 
height 
em. 
11.3 
······ 
9.0 
9.0 
5.0 
5.5 
5.0 
7.5 
therms 
3.90 
3.48 
4.44 
3.09 
4.28 
6.01 
6.00 
4.45 
I N~rmal gatn 
height 
em. 
10.0 
······ 
8.3 
8.3 
7.4 
5.3 
5.0 
7.4 
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with three exceptions, below the normal size for animals of their 
age and breed at the beginning of the wintering period. This is 
th~ result of limiting the ration to skim milk and roughage, while the 
figures designated as ''normal" are taken from animals which re-
ceived some grain during the first few months after birth. 
Table 1 gives the data for ten Jerseys ranging from 6 to 16 
months old at the beginning of the five-months wintering period. 
F IG. I.- HEIFERS WINTERED ON ALFALFA ALONE 
T his shows the a nimals at the close of the ex periment. The Jersey (No. 59, Table 1) 
was 13 months old at the beginning of the wintering period. he consumed an average of 
10.2 pounds of alfalfa daily and made a gain of 0.37 pounds a day as compared with a nor-
mal gain of 0.61 pou nds for an anim al of he r breed and age. The Holstein (No. 219, Table 
2) was nine months old at the beginning . She consumed 11.4 pounds of alfalfa daily and 
gained 0.81 pounds comrared with 0.87 pounds normal gain for animals of this age and 
breed. 
These animals averaged 391 pounds in weight and 103.3 centimeter 
in height, as compared with the normal, of 443 pounds in weight 
and 107.8 centimeters in height for their age and breed. The alfalfa 
consumed ranged from 8.9 to 15.6 pound daily, or an average of 
11.9 pound . The average normal gain in weight for animals of 
these ages is 0.77 pounds daily, and a total of 6.6 centimeters in 
height for the 150 day ; but on this exclusive alfalfa ration, the 
daily gain was but 0.51 pounds with a total gain in height of 5.5 
centimeters for the 150 days. 
Table 2 gives imilar data for seven Holstein . These animals 
a eraged 415 pounds in weight and 104.3 centimeters in height when 
the trial wa begun as compared with the normal of 500 pounds 
in weight and 112.1 cent]meters in height. The e animals, ranging in 
age from nearly 7 month to 15 month , con umed an average of 
13.4 pound of alfalfa daily, and made an average gain of 0.76 pounds 
daily as compared with the norm;:J.l of 0.95 pound . The total gain 
in height was 7.5 centimeters, while the normal is 7.4 centimeter . 
The animal all a peared to be in a thrifty condition, but did 
not carry much urplus flesh. Typical animals of this group are 
hown in Figure 1. 
WINTER RATIONS FOR DAIRY HEIFERS 11 
EXPERIMENT 2, 1913- 1914 
The objects in conducting Experiment 2 were: ( 1) to obtain 
data on the results of using corn silage as the exclusive roughage 
for wintering heifers, sufficient protein and energy to be supplied 
from concentrates; (2) to obtain data as to rate of growth and 
gains made, when heifers are wintered on clover hay fed at will, and 
corn limited to three pounds daily; ( 3) to compare the cost of win-
tering on these two rations and the rate of growth made. 
The results are given in Tables 3 and 4. The data show that 
the animals in Group 3 which received the ration of silage at will 
and two pounds daily of corn and cottonseed meal were practically 
normal animals in both weight and height at the beginning. On this 
ration, the gains made were 0.71 pounds daily as compared to the 
normal of 0.77 pounds. Their growth in height was also normal. It 
was observed, however, especially after the animals had been on 
this ration some time, that they craved some other dry roughage. 
This was shown by their desire to eat the straw used for bedding, 
if given an opportunity. It was decided from their evident craving 
in this respect that some dry roughage would improve the ration. 
During the first few months of the experiment it was difficult 
to detect any difference in the appearance of the animals in the 
two groups; but the longer the experiment continued, the more 
TABLE .3.-EXPERIMENT 2, GROUP 3 
Ration, silage a t will and 2 lbs. daily, equal parts corn and cottonseed meal 
Herd 
No. 
" ----l 89 .................. ' 
238 ................. . 
Average ......... . 
B reed 
Jersey I 
Jersey ! 
Holstein ! 
Age at 
beginning 
mo. da. l 8 . 10 
12 ° 17 
13 . 12 
11 . 13 
Corn 
silage 
lbs. 
17.0 
21.4 
18.3 
18.9 
Average daily ration 
I Grain cornY, ! 
. c. s. m. %1 
lbs. I 
2 
2 
2 
l 2 
Digestible 
Crude 
protein 
lbs. 
0.63 
0.68 
0.65 
0.65 
TABLE 3.-(Continued) 
I Net energy 
I 
therms 
4.54 
5.27 
4.73 
4.84 
' 
Gain I Nor mal 
height gam 
height 
Herd No. I Weight I Normal \ Gain I Normal I Height I Normal 
a! be: ''eight per day gain wit~er~, height 
gmnmg for age per day begmnmg 
9 
8 
3 
9 
23 8 
····-· 
------
...... 
Av erage 
lbs. 
358 
493 
549 
466 
lbs. I I lbs. 
340 0.70 
480 0.65 
574 0.77 
464 0.71 
' 
lbs. em. em. em. em. 
0.95 103.5 99.8 8.5 11.6 
0.62 109.0 110.1 6.6 5.5 
0.75 115.0 11 5.7 6.5 6.1 
0.77 109.1 108.5 7.8 7.7 
1 2 MISSOURI AGRICULTURAL EXPERIMENT STATION BULLETIN 158 
TABLE 4.-EXPERIMENT 2, GROUP 4 
Ration, clover at will, corn 3 pounds daily 
Average daily ration 
Herd Breed Age at Clover hay 
I 
Corn 
No. beginning I 
Digestible 
I 
Net energy 
Crude 
protein 
mo. da. lbs. lbs. lbs. therms 
90 ••••••••••• • • • • u. Jersey 11- 5 8.4 3 0.86 5.57 
239 
-----------------· 
Holstein 12. 27 10.5 3 1.02 6.30 
314 
--················ 
Ayrshire 9- 11 7.7 3 0.81 I 5.35 Average .......... 11 - 4 8.9 3 0.89 5.74 
TABLE 4.-(Continued) 
Weight Normal Gain Normal Height Normal Gain Normal 
Herd No. at be- weight per day gain withers, height height gain 
ginning for age per day beginning height 
lbs. lbs. lbs. lbs. em. em. em. em. 
90 ...... 450 432 0.65 0.64 108.5 106.5 5.0 6.7 
239 ...... 578 574 1.09 0.73 115.5 115.7 7.5 6.8 
314 
------
326 378 0.82 0.97 95.0 100.5 9.0 9.0 
Average 451 I 461 0.85 0.78 106.3 107.6 7.2 7.5 
pronounced the difference became. The animals on silage looked 
much thinner and did not shed their winter hair as quickly as the 
group which had received clover and corn. They were, however, 
in much better condition than many animals wintered under farm 
conditions. · 
The digestible crude protein and energy called for by the . feed-
ing standards, and the amounts received are as follows: 
Feeding standard 
Digestible crude protein, lbs. . .. .. .... 1.01 
Net energy, therms ............. . . . .... 6.10 
Received 
0.65 
4.84 
It will be seen that this group which received silage and two 
pounds of the corn and cottonseed meal mixture were considerably 
under the standard in both energy and protein. It will be remem-
bered that this group had silage at will; and for this reason the low 
consumption of energy, which amounted in the average to only 80 
per cent of that called for by the feeding standard, was not due to a 
limitation of the ration but of the appetite of the animals concerned. 
Since the cottonseed meal was limited to one pound a day, and 
silage contains such a very small amount of protein, it was inevitable 
that the animals would be considerably short of the protein pre-
scribed by the standards. The condition of this group at the close 
of the wintering period is shown by Figure 2. 
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Group 4, which received clover hay at will and three pounds 
of corn daily, was close to the normal in both size and weight at 
the beginning; and their daily gain in weight was 0.85 pounds as 
compared with a normal of 0.78 for the breed and age represented. 
The growth in height was also practically normal. This group ap-
peared to be in excellent physical condition at the close of the trial 
and undoubtedly thrived well in every way on the ration. A typical 
animal of this group is shown in Figure 2. 
FIG. 2.-CLOVER AND CORN RATION AS COMPARED WITH SILAGE, CORN, AND 
COTTONSEED MEAL 
The Holstein on the left (No. 239, Table 4) was thirteen months old at the beginning 
of the wintering period. Her ration averaged 10.5 pounds of clover and 3 pounds of corn 
daily. She gained 1.09 pounds daily compared to the normal of 0.73 pounds. She was in 
excellent condition at the close of the wintering period. The heifer on the right (No. 238, 
Table 3) was thirteen months old at the beginning. She received an average daily ration 
of 18.3 pounds of silage, 1 pound of corn and 1 pound of cottonseed meal. Her average 
daily gain was 0.77 pounds compared to the normal of 0.75 pounds while she also made a 
normal growth in height. She did not appear to be in as good physical condition as No. 
239 which received clover hay and corn. 
The following shows how the ration received compare with the 
feeding standards : 
Feeding standard 
Protein, pounds . . . . . . . . . . . . . . . . . . . . . 1.01 
Net energy, therms . . . . . . . . . . . . . . . . . . . 6.13 
Received 
0.90 
5.74 
Compari on show that thi group was close to the standard in 
both protein and energy, and make clear why it wa possible for 
thi group to make a growth, normal or lightly above. 
The data shows that both energy and protein are considerably 
above that con umed by Group 3. It is clear why the animals on 
the clover hay and corn made the better gain. From the standpoint 
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of economy, however, the results were the reverse. At the prices 
which prevailed at the time, it cost 7.29 cents a day, or $10.93 to 
feed each animal in Group 3 for 150 days; and 10.09 cents a day, 
or $16.04 to feed each animal in Group 4 for 150 days. 
EXPERIMENT 3, 1914- 1915 
The objects in conducting this trial were : ( 1) To compare re-
sults from a ration of alfalfa at will and two pounds of corn, with 
those from clover and corn (Experiment 2, Group 4) ; ( 2) to repeat 
the trial (Group 3) in which silage was the exclusive roughage with 
two pounds daily of a mixture of corn and cottonseed meal, except 
to add two pounds of timothy hay to satisfy the craving for dry 
forage noticed in Experiment 2; ( 3) to obtain data on feeding a 
ration confined to roughage, the ration to be alfalfa and silage fed 
in the -proportion of one of alfalfa to three of silage. 
The results from the ration of alfalfa and corn are found in 
Table 5. The four animals used in this trial averaged 8 pounds 
TABLE 5.-EXPERIMENT 3, GROUP 5 
Ration, alfalfa at will, corn 2 pounds daily 
E ord 
No 
.Dreed I 
.· ' .v ~ragc cltily ration 
A.ge ac Alfalfa Corn Di;:estible Net energy 
beginning Crc;de 
J prot:..:in ----------'--·-----:,., __ _______ ___;. ____ _ 
mo. da. 
101 
·················-
J crscy 10. 3 
102 
··---·------------ 1 J erscy 8. 6 
243 
···-·············· 
Holstein I 15. 11 
246 
······-----······- Holstein I 12. 1 
.-\vcrage 
··-·------ ! I 11 . 13 
TABLE 
·1 \Veight I Normal ! Gain 
ginning 1 for age 
lhs. lbs. 
11.5 2 
9.2 2 
15.7 2 
17 .0 
13.4 2 
5. (Continued) 
Normal 
gain 
per day 
1 . 
I Hctght 
lbs. 
1.36 
1.12 
1.81 
1.95 
1.56 
Normal 
height 
fo r age 
Gain 
height 
thc:rms 
5.74 
4.94 
7.13 
7.61 
6.35 
Normal 
gain 
height I withers, beginning Herd No. I at be- 1 "tig]·, t i' per day 
- · ---~--:-+-:-i lb.s. lbs. I em. em. em. I em. 
101 ...... 415 407 ! o.95 o.s1 
1
, 104.5 1o5.o s.3 7.7 
102 ...... 32o 340 o.81 a.93 9s.o 99.8 9.8 I 10.3 
243 ...... 650 612 0.99 I 0.90 I 117.8 118.8 7.0 I, 5~.:0~ 
246 ...... 565 f 558 t' 1.13 . 0.68 114.8 114.0 7.7 
Average 487 I 479 0.97 0.83 108.0 109.4 8.2 
--~-------~---~--~---
WINTER RATIONS FOR DAIRY HEIFERS 15 
above normal in weight and slightly below normal in height at the 
beginning. The gains per day averaged 0 .97 pounds as compared 
with a normal of 0.83 pounds for animals of the same breed and 
age. The following figures show a comparison of the protein and 
energy consumed and the standard for animals under similar condi-
tions: 
Feeding standard 
Digestible crude protein, pounds. . . . . . . 1.07 
Net energy, therms . . . . . . . . . . . . . . . . . . 6.31 
Received 
1.56 
6.35 
This group received a ration greatly in excess in protein and 
about equal in energy to the standards. The results from this ra-
tion, measured either by gain in weight and skeletal growth or by 
appearances, was satisfactory in every way. Figure 3 shows the 
FIG. 3.-HEIFERS WINTERED ON ALFALFA AND CORN 
This group (Experiment 3, Table 5) received all the alfalfa they would eat and 2 
pounds of corn daily. The average gain for the group was 0.97 pounds compared to a 
normal gain of 0.83 pounds for animals of this breed and age . The picture shows them to 
be in excellent condition at the close of the wintering period. 
animals at the close of the experiment. This clearly is a ati -
factory, practical ration. When two pounds of corn were fed daily, 
the amount of hay consumed varied from nine to seventeen pounds, 
depending upon the age of the heifer. The economy of this ration 
will depend upon the price of alfalfa and corn. Where corn and 
alfalfa, or other legume hays of equal feeding value and palatability, 
such as soybean, cowpea, or clover hay, are grown on the farm, 
this ration is often an economical, as well as an entirely satisfactory 
one, from the standpoint of results obtained. 
Table 6 gives the results from Group 6 which received silage 
at will, two pounds of timothy hay and two pounds of the corn and 
cottonseed meal mixture daily. These four animals, including two 
Jerseys and two Holsteins, were 24 pounds in weight and 2.3 centi-
meters in height under the normal at the beginning of the wintering 
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TABLE 6.-EXPERBIENT 3, GROUP 6 
R ation, silage at will, timothy 2 pounds, 2 pounds of equal parts corn and 
cottonseed meal 
Average daily ration 
E~:-<1 :.: reed \ge-at Silage Timothy 
I 
Com and I Digcsti'bl ·~ Net No. fJ .•ginr: i1;g hay cotton- Cr..dcc ~...n:.-rgy 
:Led meal proL:in 
I 
--------- -·------ - - - -
I J crscy 
111:). da. lbs. !bs. ll>s. I lbs. therms 
96 15 . 19 19.9 2 2 I .60 5.63 l Oll ...... 1 J orscy I 10 . 2! 18.i 2 69 5.42 
2-H I Holstein I 14. s 24.5 2 2 ! .73 5.61 2 48 
I 
Hol.: t..:iL1 10 . 27 19.2 2 2 
i 
.72 5.56 
o\v~;·ege 12. 26 20.6 0 .68 5.55 
TABLE 6.-(Continuecl) 
- - ----------··-- ---..,..---...,-----
. I 1\'•:i , ·ht i ':\[~ ·- mal I c,.in 
Herd Xo. at b ·~ - I wt~i ~:h! I per clay 
1 
-~·inn i11g I for age I 
-----~--=~-T lbs. -~ --:; . 
Normal Heigh t Nonn al Gain Norm ::i 
gain withers ld;:ht h ;.:<i,;jht gain 
per d ay h oight 
lbs. c:n. em. em. em. 
96 4 90 491 0.82 0.90 11 6.0 113.4 5.0 4.5 
100 375 390 0.87 0.67 103.0 106.5 9.5 6.9 
244 5!0 596 0.95 0.73 114.5 11 7.4 7.3 5.3 
2+8 535 529 0.64 0.76 109.0 112.0 9.8 7.7 
Av"r;,_~e 478 502 0.82 0.77 110.6 112.3 7.9 6. 1 
period. Their gain both in weight and height was slightly above 
normal. 
The nutrients received as compared with the standards were as 
follows : 
Feeding standard 
Digestible crude protein, pounds 1.02 
Net energy, therms . . . .. . . .. ......... 6.14 
Received 
0.68 
5.55 
These figures show that the ration as received was considerably 
below the standard, both in protein and energy; but even under these 
conditions, the animals made a gain slightly in excess of the normal. 
T he animals which received this ration appeared to be in good con-
dition thruout the experiment and did not show the desire to eat 
their bedding as was observed the previous year when Group 3 was 
kept for five months on a ration of silage with two pounds daily 
of the same corn and cottonseed meal mixture. It is also important 
to note that the addition of the two pounds of timothy hay a 
day apparently did not reduce the consumption of silage. Group 3 
without timothy in the ration averaged 18.9 pounds of silage daily, 
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and Group 6 with two pounds of timothy daily averaged 20.6 pounds. 
Apparently, the animals which received the timothy merely con-
sumed the hay in addition and, as a result, made better gains. Figure 
4 shows this group at the close of the wintering period. 
FIG. 4.-HEIFERS WINTERED ON SILAGE, TIMOTHY HAY, 
TONSEED MEAL 
These heifers (Experiment 3, Table 6) received as much s il age as they would consl.tme, 
2 pounds of timothy bay, 1 pound of corn and 1 pound of cottonseed meal daily. The aver-
age gain was 0.77 pounds. This shows the animals in a thrifty condition at the end of the 
wintering period. 
The results ·of feeding a ration confined to roughage alone are 
given in Table 7. In this case, the alfalfa and silage were fed in 
ller-d 
No . 
95 
98 
245 
249 
Average 
95 
98 
245 
249 
verage 
TABLE 7.-EXPF.RIMENT 3, GROUP 7 
Ration, silage and alfalfa ratio of 1 to 3 to limit of appetite 
Average daily ration 
Breed Age Silage Alfalfa Digestible I 
Crude 
protein 
Net energy 
Jersey 
Jer ey 
Hol•to;n I 
Holstein 
····----
lbs. lbs. 
615 572 
530 456 
570 574 
400 438 
528 510 
mo. da. lb . lbs. 
17 . 21 18.4 6.21 
12. 5 16.8 5.80 
12 -22 22.2 7.48 
9- 14 19.4 6.01 
12. 19 19.2 6.37 
TABLE 7. (Continued) 
lbs. 
0.25 
0.34 
0.83 
0.76 
0.54 
I 
orma l I H eight 
gain withers 
per day 
lbs. em. 
0.78 117.5 
0.65 110.5 
0.75 113.0 
0.87 105.8 
0.76 111.7 
lbs . 
.86 
.81 
1.04 
.91 
.91 
Normal I Gain 
height height 
withers 
em. em. 
115.6 5.0 
108.3 7.2 
115.7 6.3 
110.2 10.8 
112.5 7.3 
therms 
5.19 
4.81 
6.25 
5.49 
5.43 
I 
Normal 
gain 
height 
em. 
4.5 
6.3 
6.1 
8.3 
6.3 
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the proportion of one to three. The alfalfa was limited on the as-
sumption that if both alfalfa and silage were fed at will, because of 
the palatability of the alfalfa, only relatively small quantities of 
silage would be consumed. The results of this and later tests did 
not bear out this assumption. 
The following statement shows the protein and energy received 
as compared with the standards : 
Feeding standard 
Digestible crude protein, pounds 1.08 
Net energy, therms . . . . . . . . . . . . . . . . . . 6.52 
Received 
0.91 
5.43 
The figures show that the ration was below the standard 1n 
FIG. 5.-ANIMALS WINTERED ON ALFALFA AND SILAGE 
This group (Experiment 3, Table 7) was wintered on a ration of si lage and alfalfa as 
much as would be consumed in the ration of 1 pound of alfalfa to 3 of silage. The group 
averaged 19.2 pounds of silage and 6.4 pounds of alfalfa bay daily. The average daily gain 
was 0.54 pounds as compared with the normal of 0.76 pounds. Altho the gains in weight 
were below the normal the animals appeared to be in a thrifty condition. 
both protein and energy. The animals used were, on the average, 
18 pounds above the normal in weight and practically normal in 
height at the beginning of the wintering period. The gain made 
during the five months was at the average rate of 0.54 pounds per 
day instead of the normal, 0.76 pounds. The growth of the skele-
ton, however, was even somewhat above normal. The appearance 
of this group at the end of the five months experimental period is 
seen in Figure 5. The low rate of gain is to be accounted for ap-
parently by the failure of the animals to consume sufficient forage 
to provide the necessary energy to allow a normal gain in weight. 
The figures show that the Hoi tein animals came much nearer mak-
ing normal growth than did the Jerseys. In fact, one of them ex-
ceeded the normal in gain. It is evident that a ration of this kind 
is reasonably satisfactory for wintering purposes and these results 
are borne out by Experiment 6. 
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EXPERIMENT 4, 1915- 1916 
The object of this trial was primarily to add to the available 
data on the subject. It was found in the experiment of the previous 
year (Group 7) that the animals which received the ration of 
roughage alone did not make a normal growth. For this reason it 
was decided to try the same ration of roughage, that is, alfalfa hay 
and silage, and add to it two pounds of corn daily .. 
The second ration, alfalfa at will and three pounds of corn 
daily, was introduced as a practical one, and also for comparison 
with the ration of silage and with previous trials of clover hay and 
corn (Group 4). 
It was observed in previous experiments, that while the gains 
made when alfalfa was fed were greater than when silage and timo-
thy hay supplied the roughage, the nutrients used in proportion to 
the gain were about the same in both cases. The lower gains on 
the ration of silage, timothy and corn and cottonseed meal seemed 
to be the result of the animals failing to eat a sufficient amount of 
the ration. It was therefore planned to feed a third group the same 
TABLE 8.-EXPERIMEN T 4, GROUP 8 
Ration, silage and alfalfa 1 to 3 at will, corn 2 pounds daily 
I A""' A,·~ragc daily ration Herd Breed Silage Alfalfa Corn Digestible Net No. b~ginning Crude energy 
i 
prate: in 
----
rr.o. da. lbs lbs. lbs. therms 
102 ...... Jersey 20 . 6 18.5 6.3 1.00 6.95 
249 ...... Holstein 21. 14 19.7 6.5 1.06 7.29 
316 ...... Ayrshire 14 . 20 13.5 4.6 .79 5.52 
317...... I Ayrshire 13. 20 16.4 5.6 .92 6.41 
Average . 17. 15 17.0 1\.0 .94 6.54 
TABLE 8.-(Contim1ed) 
Weight Normal \Gain Normal Height Nor mal I Gain Normal Herd No. at be- weight I per day g2in it hers, height height rein ginning for age per day beginning I ight 
, 
I 
I I i I 
I 
I I I lbs. lbs . lbs. lbs. em. 
I 
em. i em. em. 102 ...... 586 
I 
621 1.08 I 0.77 113.0 117.5 I 2.6 3.4 249 
······ 
661 744 1.06 0.79 122.0 123.9 6.7 4.9 
316 
·····- I 453 550. 1.08 
I • O.iO 106.5 : 111.0 
I 
4.3 5.0 
317 ...... 480 525 1.29 0.71 107.2 109.5 5.5 5.5 
Avera e 545 " g 618 1.12 0.14 112.2 115.5 4.8 4.7 
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ration as Group 6 had received; namely, silage, timothy hay, corn 
and cottonseed meal mixture, except that the amount of the con-
centrate mixture was to be varied as necessary to keep the nutrients 
the same as that received by Group 9. This relation, however, was 
not maintained as closely as was planned. Table 8 shows the re-
sults from the ration of silage, alfalfa and corn given to Group 8. 
This group averaged 17.5 months of age at the beginning of the 
FIG.6.- HEIFERS WINTERED ON SILAGE, ALFALFA AND CORN 
This group (Experiment 4, Table 8) was wintered on 2 pounds of corn daily with as 
much silage and alfalfa, fed in proportion of 3 to 1, as they would eat. The average ration 
was 17 pounds of silage, 6 pounds of alfalfa and 2 pounds of corn. The average daily 
gain was 1.12 pounds while the normal for these animals was 0.74. The animals were in 
splendid condition at the end of the wintering period. 
experiment and was, on the average, 73 pounds below the normal 
in weight, and 3.3 centimeters in height at withers. 
The statement which follows compares the protein and energy 
received with that required according to the standards for animals 
of the weight used: 
Feeding standard 
Digestible crude protein, pounds . . . . . . 1.12 
Net energy, therms . . . . . . . . . . . . . . . . . . 7.02 
Received 
0.94 
6.54 
The e figures show that this group was slightly below the 
standard for both protein and energy, altho more nearly approaching 
it than mo t of the group so far discussed. The average gain in 
weight was 1.12 pounds daily, while the normal i only 0.74 pounds. 
Every animal, however, exceeded the normal rate of gain. The 
gain in height was slightly above normal, which indicates that the 
effect of a desirable ration is more pronounced upon the rate of 
gain in live weight than upon the rate of skeletal growth. The 
greater gain on this ration as compared to those by Group 7, Ex-
periment 3, is dearly due to the greater consumption of energy~ 
The addition of two pound f com to the ration did not appre-
ciably lower the amount of roughage consumed. Group 8 as it ap-
peared at the end of the experiment is shown in Figure 6. 
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T ADLE 9.-Exn:.RIMENT 4, Gr..ouP 9 
Ration, alfalfa at will, corn 3 pounds daily 
------1 ~ --
1 ""'' I 
.. ' .v c:- rag.; daily ration 
Hord 
No. 
Age 
--------r·---!,-----
105 
108 
251 
254 
Average ......... . 
, 
mo. da. 
11. 25 
9. 13 
17. 4 
10. 29 
12. 10 
Alfalfa 
lbs. 
9.4 
7.3 
15.3 
13.8 
11.5 
Corn Di:~·estibl 
Crude 
protein 
lbs. lbs. 
3.0 1.23 
2 8 .98 
3.0 !.85 
3.0 .97 
3.0 1.26 
TAnLE 9.-( Continued) 
thorms 
5.92 
4.98 
7.96 
7.41 
6.32 
21 
Herd No. 
Weight 
at be-
ginning 
Normal [ Gain I 
weight 1 per day 
for age i 
Normal 
gain 
per day \
Height 
wither~. 
beginning 
height I Normal I Gain height Normal gain height 
i 
---·~-=---=-· i 
1 OS j 430 450 0.81 i 
108 I 329 3/6 Q.SQ 
251 720 660 0.75 
254 513 529 1.10 
Average 498 505 0.85 
lbs. 
0.65 
0.85 
0.91 
0.76 
0.79 
I 
em. 
105.8 
97.2 
123.5 
112.6 
109.8 
em. 
108.3 
102.8 
121.3 
ll2.6 
111.2 
I 
em. 
6.4 
7.9 
4.6 
6.2 
6.2 
em. 
6.3 
8.6 
3.6 
7.7 
4.6 
Table 9 gives the results for Group 9 which received a ration of 
alfalfa at will and three pounds of com daily. The four animals 
used were practically normal in both weight and height at the be-
ginning of the experiment. The ration given was a very palatable 
one. The following figures show the protein and energy prescribed 
by the feeding standards and the amount the animals received: 
Feeding standard 
Digestible crude protein, pounds· .......... 1.10 
Net energy, therms 00 .. 00 00 00 00 •• 00 00 00 00 6.50 
Received 
1.27 
6.32 
In this case the ration consumed supplied somewhat more pro-
tein and only slightly less energy thari called for by the feeding 
standards. 
The animals used were practically normal in weight at the be-
ginning, and during the 150 days of the experiment made nearly a 
normal growth, and gained at the rate of 0.85 pounds daily as com-
pared with a normal of 0.79 pounds. ·From the standpoint of gains 
·made this ration was entirely satisfactory and the animals appeared 
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to be in excellent condition at the close of the trial, as shown by 
Figure 7. 
FIG. 7.-HEIFERS WINTERED ON ALFALFA AND CORN 
This group (Experiment 4, Table 9) received all the alfalfa hay they would consume 
and an average of 3 pounds of corn daily. They gained 0.85 pounds daily as compared with 
the normal of 0.79 pounds. The animals appeared to be in splendid condition at the end 
of the wintering season. 
TABLE 10.-EXPER.IMENT 4, GROUP 10 
Ration, silage at will, timothy 2 110lJnds, corn and cottonseed meal equal 
parts, 2 pounds daily 
Herd 
No. 
104 .. - .. 
109 ...... 
252 ...... 
25L ... 
Avera!e 
Herd No. 
104 
109 
252 
255 
Average 
Breed 
Jersey 
Jersey 
Holstein 
Holstein 
Weight 
at be-
ginning 
lbs. 
481 
282 
644 
376 
446 
Age at 
beginning 
mo. da. 
14. 6 
7. 28 
16. 0 
8. 15 
11 . 19 
No::mal 
weight 
for age 
lbs. 
503 
340 
643 
445 
482 
Average daily ration 
Silage 
I 
Timothy I CornVl 
I 
Digestible Net 
c . s . m. Vl Crude energy 
protein 
Jhs. lbs. lbs. lbs. therms 
15.5 2 3.1 .91 5.90 
9.6 2 2.6 .74 4.48 
15.7 2 3.7 1.07 6.50 
8.9 2 3.3 .89 4.99 
12.4 2 3.2 0.90 5.47 
TABLE 10.-(Continued) 
Gain Normal Heig1l Normal Gain. Not·mal 
per day gain withers, height height gain 
per day beginning height 
lbs. lbs. em. em. em. em. 
0.82 0.63 111.3 111.4 4.4 5.4 
0.67 0.93 98.0 99.8 8.5 10.3 
0.63 0.87 121.6 120.3 4.0 3.6 
0.91 0.87 100.8 108.1 6.9 8.3 
0.76 0.83 107.9 109.9 6.0 6.9 
Table 10 gives the results for Group 10 which received the 
ration of silage at will, timothy two pounds, corn and cottonseed 
meal mixture sufficient to supply the same nutrients as received by 
Group 8. 
A comparison of the nutrients supplied by the ration received 
with the standards is as follows : 
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Feeding standard Received 
Digestible crude protein, pounds. . . . . . 1.03 0.90 
Net energy, therms . . . . . . . . . . . . . . . . . . 5.96 5.4 7 
The four animals used were, on the average, 36 pounds below 
the normal at the beginning. They gained an average of 0.76 
pounds daily as compared with a normal of 0.83 pounds. Their 
growth in height was practically normal. As stated, it was planned 
to vary the amount of concentrates fed in such a manner that the 
energy would equal that received by Group 9. 
This group (Experiment 4, Table 10) received silage at will, 2 pounds of timothy hay 
and 1 pound each of corn and cottonseed meal daily. The average daily gain was 0.76 
pounds and the normal is 0.83 pounds. The animals appeared to be in fair condition at the 
end of the wintering period but considerably below those in Figs. 6 and 7 in this respect. 
The following statement shows how near this was attained and 
how the gains made compared : 
Feeding tandard- Group 9 
Digestible crude protein, pounds . . . . . . . . . . . . 1.06 
Net energy, therms . . . . . . . . . . . . . . . . . . . . . . . . . 5.90 
Received-
Group 10 
1.03 
5.96 
Dige tible crude protein, pound . . . . . . . . . . . . 1.27 0.90 
Net energy, therms . . . . . . . . . . . . . . . . . . . . . . 5.90 5.96 
Gain per day, pounds . . . . . . . . . . . . . . . . . . . . . . . 0.85 0.76 
Normal gain, pounds . . . . . . . . . . . . . . . . . . . . . . . . 0.79 0.83 
Therms energy per pound gain . . . . . . . . . . . . . 7.43 6.60 
It is apparent that the two rations were not maintained so that 
the nutrients were equal, as had been planned. The energy used 
for a pound of gain was less with the silage and timothy hay ration 
which indicates, as before, that the chief cause for the better gains 
by the group which received alfalfa hay, was the larger con ump-
tion of this ration due to its greater palatability. 
The animals appeared thrifty at all times ; and while Group 10 
which received the silage, timothy, com and cottonseed meal ration 
were not in quite as good physical condition at the end of the ex-
periment as Group 9 which received alfalfa and corn, their condi-
tion and growth were such as would be con sidered ent irely satis-
factory in most commercial herds. Figure 8 shows this group at 
the end of the experiment. 
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EXPERIMENT 5, 1916- 1917 
In Experiment 4 the best results followed the feeding of a 
ration of silage and alfalfa at will and two pounds of corn daily. It 
was also found from the data reported in Experiment 4 that while 
considerable variation was found in the winter gains of the animals 
on the different rations, this difference was lost the following sum-
mer. Those animals which made the lowest gains during the winter 
made the largest the following summer, while those which made the 
heaviest winter gains made the lightest summer gains. 
\Vith these points in view the plans for Experiment 5 were 
outlined as follows: · 
( 1) Object, to obtain further data from a ration of silage, 
alfalfa and corn. 
(2) One group to receive a ration of such character that the 
gains made by the animals during the winter would be considerably 
above average. A second group to receive a ration that would re-
sult in gains to about the same degree below normal. Observations 
to be continued during the following summer when all were on 
pasture to determine what relation the gains made during the winter 
bear to the gains under pasturing conditions. 
(3) To secure further data on the relation of amount of grain 
fed to (a) consumption of roughness, (b) total nutrients con-
sumed, (c) rate of growth. 
The first ration (Group 11) was silage at will, alfalfa one 
pound for each 100 pounds live weight of animal, and two pounds 
of corn daily. This group was expected to make about a normal 
growth. The second ration (Group 12) was silage at will, alfalfa 
one pound, and corn one pound for each 100 pounds live weight of 
animal. This group was expected to make a gain ·considerably above 
normal. The third ration (Group 13) was silage at will, timothy 
hay at will, and corn, if necessary, to allow each animal to make 
one-fourth of a pound in weight per day. 
Tables 11, 12 and 13 give the results for the three groups. 
Group 11 receiving silage at will, one pound of alfalfa for each 100 
pounds live weight, and two pounds of corn, constuned on the 
average 17.8 pounds of silage and 5.3 pounds of alfalfa. At the 
beginning of the experiment this group weighed 466 pounds com-
pared with the normal, 505 pounds. The gain was at the rate of 
1.10 pounds a day as compared with a normal of 0.72 pounds for 
animals of the same breed and age. The growth in height was also 
somewhat above the riormal. It will be noted that three of the four 
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TABLE 11.-EXPERIMENT 5, GROUP 11 
Ration, silage at will, alfalfa 1 pound per 100 pounds live weight, Corn, 2 
pounds daily 
.\verage daily ration 
Herd Breed Age at Silage Alfalfa Corn Diges tible IN" No. b~ginning Crude energy protein 
I mo. da. lbs. lbs . lbs. lbs. therms 
113.. .... Jersey 10. 10 13.3 4.3 2.0 0.76 5.32 
262 ...... Holstein 11. 24 18.2 5.6 2.0 0.9'7 6.26 
263 ...... Holstein 10. 21 20.5 5.5 2.0 0.99 7.13 
318 ...... Ayrshire 13- 28 19.2 5.8 2.0 1.00 7.02 
Average 11 - 21 17.8 5.3 2.0 0.93 6.43 
TABLE 11.-( Continued) 
Weight N01·mal I Gain Normal Height Normal Gain Normal 
Herd No. at be- weight per da-- gain withers, h eight h eight gain 
ginning for age per day beginning height 
lbs. lb . I lbs. lbs. em. em. em. em. 113 -~···· 406 407 0.51 0.70 105.3 105.0 9.5 8.4 
262 ....... 487 558 1.17 0.71 111.5 114.0 9.1 7.6 
263 ...... 473 529 1.48 0.73 111.5 112.0 12.5 8.7 
318 ...... 501 525 1.23 0.72 108.8 109.5 9.2 6.5 
Ave rag 466 505 1.10 0.72 109.2 110.3 10.1 7.8 
animal ex eeded the normal, while No. 113, a Jersey, fell some-
what behind. The ration fed to this group i practically the arne 
a that received by Group 7, except that the results from Group 7 
were by no mean a satisfactory. Figure 9 show this gr up at 
the end of the experiment. 
F.tG. 9.-H :!.IFERS .IINTERED ON SILAGE, ALFALFA, AND ORN 
This group · (Experimcnt 5, Table 11) received an average daily ration of 17.8 pounds 
of silage, 5.3 pounds of alfalfa and 2 pounds of corn. The g:roup made an average daily 
gain of 1.10 pounds as compared with a normal of 0.72. During the six months on pasture 
following the wintering xperiment this group made an average daily gain of 0.71 pounds. 
ompare this summer gain with Groups 12 and 13 and Figs. 10 and 11. 
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TABLE 12.-EXPERIMENT 5, GROUP 12 
Ration, silage at will, alfalfa 1 pound per 100 live weight, corn ·1 pound per 
100 live weight 
Pen! 
No. 
258 ...... 
264 ...... 
320 ...... 
... -\..vc:: rage 
Herd No. 
258 ..... . 
264 ..... . 
320 ..... . 
Average 
Average daily ration 
Breed I \ "eat Silage Alfalfa Corn I Digestible ' Net 
. 
i·~:g.-it~ ning Crude ! energy 
protein l 
I 
---7-"----- - - -------------.,.--------
1no. da. lbs. lbs. lbs. lbs. therms 
Holstein I 14. 26 15.7 6.4 6.6 1.39 10.8 
Holstein I 10. 0 14.6 5.9 6.1 1.27 10.0 
Ayrshire 12. 12 15.6 5.4 5.5 1.00 9.4 
I 12. 13 15.3 5.9 6.0 1.22 10.1 
----
TABLE 12.-( Continued) 
I Weight I Normal Gain I No•m•' Height 
• 
Normal 
I 
Gain Normal 
· at be- Wl'·igh! per day grun withers, height height gain 
I ginning f o r a~c per day I beginning height 
I lbs. lbs. lbs. 
I 
lbs. 
I 
em. I em. em. em. I I 556 610 1.62 0.90 113.3 I 118.8 9.3 5.1 505 501 1.61 
I 
0.79 108.0 
' 
111.3 11.6 9.0 
I 450 485 1.67 0.88 I 105.2 
: 107.5 9.5 7.5 
504 532 1.63 0.86 108.8 I 112.5 10.1 7.2 I I I 
Table 12 gives the data for Group 12 which received silage at 
will, corn, and a lfalfa one pound per 100 pounds live weight of 
animal. The purpose of this ration was to supply nutrients so 
abundantly that gains far above the normal would result. The 
animals used averaged 504 pounds in weight at the start as com-
pared to a normal of 532 pounds. The gains in weight averaged 
1.63 pounds daily as compared with a normal gain of 0.86 pounds. 
The growth in height was 10.1 while the normal is 7.2 centimeters 
for the period. The data in Table 12 show clearly the cause of this 
high gain. The average daily ration received by this group contained 
1.22 pounds of digestible crude protein and 10.10 therms of 
energy as compared with 1.21 pounds of protein and 7.20 therms of 
energy called for by the feeding standards. This excess of nearly 
40 per cent in total feed value was made possible by the feeding of 
palatable concentrates: Animals which receive roughage alone will 
not consume a sufficient amount to supply such a surplus of nutri-
·ents and, consequently, the rate of growth is much lower. 
As already explained, one purpose of feeding a ration which 
contained so much grain was to obtain very high winter gains and 
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then to compare the gains made in summer by this group with other 
groups wintered on rations that allowed only about normal growth. 
During the six months summer pasturing season, one animal in 
this group lost 35 pounds in weight; the other two gained. The 
average gain for the three for the six months was 23 pounds. In 
height the summer gain was practically normal, which shows that 
the effect of the ration is much more pronounced upon the weight 
of the animal than upon skeletal growth. Figure 10 shows the ani-
mals in Group 12 at the end of the experiment. 
Group 13, data for which are found in Table 13, received silage, 
timothy hay at will and corn, if necess<P y, to make a gain of one-
fourth pound daily. As a matter of fact, one animal, No. 260, 
made fairly good gains on silage and timothy alone; and when her 
gains are averaged with the others, the average daily gain was 0.35 
pounds. 
TABLE 13.-EXPERIMENT 5, GROUP 13 
Ration, silage and timothy at will, corn if necessary to make 1-4 pound 
daily gain 
Average daily ration 
Herd Breed Age at Silage Timothy 
I 
Corn 
I 
Digestible I Net No. beginning Crude c:nergy 
prote in 
mo. da. lbs. lbs. lbs. lbs. therms 
116 ...... Jersey 7. 30 10.4 2.3 0.59 0.20 2.87 
260 ...... Holstein 12 . 18 20.8 4.5 0.20 0.38 5.42 
265 ...... Holstein 9 . 16 15.3 3.8 0.67 0.33 4.59 
322 ...... Ayrshire 9. 19 8.7 2.4 1.13 0.26 4.52 
Average 9. 21 13.8 3.3 0.65 0.29 4.35 
TABLE 13.- (Continued) 
W eight N ormal Gain Normal H eight Normal Gain Normal 
Herd No. at be· weight per day gain withers, height height gain 
ginning for age per day beginnin g height 
lbs. lbs. lbs. lbs. em. em. em. em. 
116 ...... 262 340 0.27 0.91 92.9 99.8 9.4 11.6 
260 
·-----
520 574 0.68 0.78 115.3 115.7 8.0 7.0 
265 ...... 479 501 0.24 0.78 108.2 111.3 7.3 9.0 
322 
--·---
294 409 0.21 0.80 92.7 102.5 6.7 9.5 
Average 388 456 0.35 0.82 102.3 107.3 7.8 9.3 
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F i G. 10.- EFFECTS OF H EAV Y R ATION O F SILAG E, ALF ALFA AND ORN 
T his gro L.p (Experi ment 5, T able 12) r eceive<.! an average of 15.3 pound of sil age 5.9 
p :> u nds of a lfa lfa an d 6 pounds of corn daily. Th e obj ect was especially to s t u dy effect s 
of la rge \\ in ter gain u pon gains d uri ng th e f ollo wing summer. This gro up ga in ed du rin g 
tb : win ter an ave r age o f 1 .63 po u nd daily as compared with 0.86 pounds , th e normal for 
th sc 2n im a ls . T h e avc r11ge dail y ga in during six month s on pas ture was 0.15 pounds. 
C om pa re with Figs. 9 and . ll. 
Th1 group averaged only 388 pounds in the beginning a com-
pared with the normal of 456 pounds, and they were also below the 
normal in height. The ration consumed upplied only 0.29 pounds 
of dige tible crude protein a compared with the standard of 0.98 
p ounds. The energy wa 4.35 therm while the tandard call for 
5.29 therm for animal of this weight. It is evident why the gains 
in weight were o very small. It is probable in thi ca e that the 
protein rather than the energy was the limiting factor, alth the 
ration wa al so deficient in energy. Figure 11 sh w this group at 
the end of the wintering period. 
During the ummer pa turing ea on of ix month this group 
_gained on the average 142 pound a compared with the normal, 139 
Thi group (Experiment 5, Table 13) was given a poor ration during the winter to 
ob e rve the eff ct upon gain on pasture the following ummer. The ration wa as much 
ilage and timothy a they would consume and corn sufficient to make approximately 0.25 
pounds daily gains. They consumed 13.8 pounds of silage daily, 3.3 pounds of umothy 
and rec ived in addi.tion 0.65 pounds of corn daily. The group made an average ain of 
() .35 pound compared to the normal of 0.82. The summer gains averaged 0.88 pounds daily 
.compared to the normal of 0. 86 pounds. 
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pounds. The increase in height vvas 6.4 centimeters and the normal 
5.4 centimeters. 
Figure 15 shows in graphic form the relation of the winter and 
summer gains made by Groups 11, 12 and 13. 
The relation of winter rations to gains during the following 
summer 1s discussed further at a later point in this bulletin. 
EXPERIMENT 6, 1917-1918 
A study of the results previously obtained led to the conclusion 
that the most valuable addition which could be made to the data on 
hand would be a further study of the question of how nearly normal 
growth may be obtained from certain rations of roughage alone, and 
to what extent it is necessary to add grain to the ration to realize 
normal growth. Up to this time the data were also especially de-
ficient for animals between six and twelve months old. The special 
object in planning Experiment 6 was to add further data to that 
already available on these two points. It was especially desired to 
study further the extent to which normal growth may be obtained 
from a ration of roughage alone; and if grain must be added to at-
tain this end, how much is necessary. A secondary object was to 
determine in what proportions silage and alfalfa will be consumed 
when both are fed at will. The three groups were arranged as 
follows: 
Group 14 was to receive alfalfa hay, not to exceed six pounds 
daily, silage at will and a small amount of corn. In addition to the 
roughage, it was planned to feed the animals under one year old 
two pounds of corn daily, and those above one year one pound daily. 
At the end of two months such changes were to be made as seemed 
necessary to maintain approximately normal growth. 
Group 15 was to. receive a ration of alfalfa limited to six 
pounds daily, and silage at will. It was planned to change the 
ration later if the animals fell much below the normal in growth. 
It was found that normal growth was made so that a change was 
not necessary. 
Group 16 received the same ration as Group 15, except that 
both silage and alfalfa were fed at will. The object was to de-
termine at what rate these feeds would be consumed when the ani-
mals had free access to both. This point is of considerable im-
portance from the standpoint of practical feeding. 
Tables 14, 15 and 16 give the results of this experiment. The 
animals used were nearly all below normal at the time the experi-
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ment was begun, due to poor pasture conditions which prevailed 
during the summer and early fall preceding the beginning of the 
wintering period. . 
The data show that the animals used in Group 14, which re-
ceived silage, alfalfa and some corn, averaged 10.5 months of age 
at the beginning and were, with one exception, belo\v normal in 
weight. The average daily ration was 13.8 pounds of silage, 5.4 
pounds of alfalfa and 1.6 pounds of corn. The average daily gain 
was 1.0 pound as compared with the normal of 0.85 pounds for 
animals of the same age and breed. Typical animals of this group 
are shown in Figure 12. 
TABLE 14.-EXPERIMENT 6, GROUP 14 
Ration, silage at will, alfalfa 6 pounds daily, corn 
Average daily ration 
----
Herd Breed Age at Silage 
I 
Alfalfa 
I 
Corn 
I 
Digestible I Net 
No. beginning Crude , energy 
protein 
I I 
! ! 
mo. da. lbs. lbs. lbs. lbs. therms 
130 ...... Jersey 6 . 2 6.1 5.1 I 2.7 0.82 5.17 
126 ...... Jersey 9. 27 10.1 5.8 1.6 0.86 5.06 
125 •..... Jersey 13 · 2S 17.6 5.3 1.2 0.85 5.70 
280 ...... Holstein 7. 13 9.3 5.4 2.0 0.84 5.14 
279 ...... Holstein 8 ° 12 11.2 5.2 1.7 0.80 5.11 
271... ... Holstein 14 ° 27 25.2 5.9 1.2 1.00 7.11 
324 ...... Ayrshire 13 ° 18 17.0 5.4 1.2 0.85 5.68 
Average 10 ° 18 13 .8 5.4 1.6 0.86 5.57 
TABLE 14.-( Continued) 
::J Wo~M~ Normal Gain Normal I Height I Normal I Gain I No,rmal a~ bt;o weigl>t per day gain withers, height h eight gatn g1nn1ng for age per day beginning 1 height 
i 
lbs. lbs. lbs. lbs. em. em. em. em. 
130 
------
257 260 0.89 1.10 96.6 93.7 11.4 12.8 
126 
-----· 
324 407 1.06 0.81 100.6 105.0 9.9 7.8 . 
125 ...... 446 503 0.79 (}.63 110·;1 111.4 6.0 5.4 
280 
··--·· 
303 407 1.29 1.13 99.9 105.5 10.3 10.0 
279 ...... 391 445 1.28 0.87 105.1 108.1 10.4 8.3 
271 
···-·· 
590 612 1.16 0.68 118.1 118.8 5.8 3.9 
324 
······ 
719 525 0.62 0.71 121.5 109.5 3.0 5.5 
Average. 433 45 1 1.01 0.85 107.4 107.4 8.1 7.7 
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FIG. 12.-HEIFERS WHICH RECEIVED A RATION OF SILAGE, ALFALFA AND CORN 
Th ree typical animals of the group ( E xperim ent 6, Table 14) received all the silage they 
wou ld consume, a lfalfa not to exceed 6 pounds, and corn suficient to make normal growth. 
The average d ail y ration was, silage 13.8 pounds, alfalfa 5.4 pounds, and corn 1.6 pounds. 
The group ma de an aver age gain of 1.01 pounds da ily compared to the normal of 0.85. All 
were in excellen t con di tion at the end of the winte ring period. 
Group 15 which received six pounds of alfalfa daily and silage 
at will, averaged 12.5 months of age at the beginning of the experi-
ment. Tb.eir ration averaged 18.1 pounds of silage and 5.8 pounds 
of alfalfa daily. The group in the beginning was 67 pounds below 
normal and made an average daily gain of 1.03 pounds as compared 
with 0.83 pounds normal daily gain. Only one animal failed to 
make the normal gain. The gain in height was also somewhat above 
normal. The group appeared . to be in excellent condition at the close 
of the 150 days experimental period as indicated by the appearance 
Q{ typical animals of this group in Figure 13. 
Group 16 received the same ration as Group 15 with the excep-
ion that both silage and alfalfa were fed to the limit of the appe-
This group (Experiment 6. Table 15) received silage at will and alfalfa limited to 6 
-pounds of silage and 5.8 pounds of alfalfa. The group made average gains of 1.03 pounds 
.daily compared to a normal of 0.83 pounds. 
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tite of the animals. This group averaged slightly less thaa 10 
months old at the beginning, and averaged 378 pounds in weight as 
compared with the normal of 442 pounds. The ration consumed 
averaged 14.4 pounds of silage, and 6.6 pounds of alfalfa hay daily. 
The daily gains averaged 1.10 pounds as compared with a normal of 
0.86 pounds. The animals were in excellent condition thruou t the 
150 days of the experiment. Their condition at the close of the 
TABLE 15.-EXPERIMENT 6, GROUP 15 
Ration, alfalfa limited to 6 pounds daily, silage at will 
Average daily ration 
Herd Breed Ageat I Silage Alfalfa Digestible Net energy 
No. beginning Crnde 
protein 
mo. da. lbs . lbs. lbs. therms 
127 I Jersey 9 . 19 12.3 5.7 0.75 3.93 
121 Jersey 15. 24 19.4 5.8 0.83 5.08 
278 Holstein, 8. 19 12.2 5.6 0.73 3.88 
274 Holstcir1 i 9. 12 15.2 5.9 0.79 4.46 
272 Holstein I 13 . 22 23 .3 5.8 0.89 5.75 
270 Holstein 17- 27 28.3 5.9 0.95 6.56 
325 Ayrshire 12- 18 16.3 5.6 0.78 4.53 
Average .......... l 12- 16 18.1 5.8 0.82 4.88 
----------
TABLE 15.-(Continued) 
Weight Normal I Gain Normal I Height 
I 
Normal 
I 
Gain I Normal gain l withers, height height Herd No. at be- weight per day height 
ginning for age per day !beginning gain 
lbs. lbs. lbs. lbs. em. em. em. em. 
127 
······ 
328 407 0.77 0.81 101.3 105.0 8.5 7.7 
121 ...... 493 533 0.90 0.77 112.0 113.4 3.8 4.5 
278 ...... 303 446 1.00 0.92 101.6 108.1 9.4 8.4 
274 
---· ·· 
414 488 0.96 0.87 106.6 110.2 8.1 8.3 
272 ...... 550 595 0.99 0.74 112.5 116.5 4.2 3.9 
270 
-····· 
719 686 !.53 0.92 121.5 121.8 3.8 3.9 
325 ...... 354 485 1.07 0.76 101.8 107.2 7.0 6.2 
Average 452 519 1.03 0.83 108.2 111.7 6.4 6.1 
-------------------
TABLE 16.-EXPERIMENT 6, GROUP 16 
Ration, alfalfa at will, silage at will 
Average daily ration 
--·-------Breed 
I 
Herd Age at Silage Alfalfa 
I 
Digestible 
I 
Net energy No. beginning Crude 
protein 
mo. da. 
I 
Jbs. 
I 
lbs. lbs. 
I 
therms 
128 
··-··········· 
Jersey 8- 23 12.1 6.1 0.78 4.03 
275 
··-·····-····· I ~:~:::: • 8-26 14.3 7.2 0.89 4.61 276 ··-·······-··· 8-23 
I 
16.6 6.9 0.92 
I 
5.04 
326 
·-············ 
Ayrshire 11 -11 14.6 6.0 0.79 4.39 
.1'\.verage .......... 9-21 14.4 6.6 0.85 4.52 
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TABLE 16.-( Continued) 
I, 
Weight Normal Gain Normal Height Normal Gain Normal 
Herd No. at be- weight per day gain withers, height height fain 
ginning for age per day beginning eight 
lbs. lbs . lbs. lbs. em. em. em. em. 
128 
··----
303 376 1.00 0.85 98.8 102.8 9.7 8.6 
275 
------
400 466 1.30 0.87 107.0 109.1 10.5 8.3 
276 
·-----
418 466 1.26 0.87 106.8 109.1 11.5 8.3 
326 ......... 389 455 0.82 0.83 101.0 105.5 6.7 7.0 
Average 378 442 1.10 0.86 100.9 106.6 9.6 8.1 
FIG. 14.-HEIFERS WINTERED ON A RATION OF ALFALFA AND SILAGE 
Typical animals from the group (Experiment 6, Table 16) which received alfalfa and 
silage at will, consuming an average of 14.1 pounds of silage and 6.6 pounds of alfalfa. 
The average daily gain for the group was 1.10 pounds compared to the normal of 0.86 
pounds. 
experiment may be judged from Figure 14. When this experiment 
was planned it was assumed that the animals would consume more 
alfalfa in proportion to the silage than was found to be the case. 
The data show that a little more than two pounds of silage was 
consumed for . each pound of alfalfa and that the proportion did not 
vary widely for any of the four individuals used. 
The practical feeder can judge from the data herein as to the 
proportions in which these roughages will be consumed, if fed to a 
group of heifers; and can also judge of the total amount of each 
feed that will be necessary to winter an animal on this ration. 
DISCUSSION OF RESULTS 
Palatability and bulkiness of the ration.-The results of using 
any ration depend more upon its palatability than is generally :realized. 
It i po ible to offer growing heifers a ration which supplies aU 
the protein and energy necessary for making a normal growth and 
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still have the results fall far short of the normal. It is easily possible 
to make up a ration of corn silage, timothy hay, and cottonseed meal 
that will meet the requirements for growing animals as laid down by 
the feeding standards, but the difficulty will be that the animals will 
not eat it in the proportions _ prescribed. Chemical analysis does 
not show much difference in the composition of hays cut at different 
stages, or much loss of nutrients in hay that has been rained on 
while in the process of making; but practical experience in feeding 
animals shows that the difference in the feeding value of hay may 
be greatly influenced by these factors. 
The influence of the palatability of the ration is shown by com-
parisons of some of the data given. Group 11, for example, which 
received a very palatable ration of silage, alfalfa and corn con-
sumed 0.93 pounds of protein and 6.43 thenns of energy daily and 
made a daily gain in weight of 1.10 pounds. 
Group 3 which received silage, corn and cottonseed meal con-
sumed only 4.84 therms of energy and made 0.71 pounds of gain 
daily. While all the constituents of this ration are themselves pala-
table, and since the grain mixture was limited to two pounds daily, 
the only source from which to make up the energy was the silage 
·which was supplied to the limit of the appetite of the animals. There 
is, however, a limit to the amount of silage an animal can or will 
consume, consequently the limiting factor in this ration was the 
amount of energy consumed. Closely connected with the palatability 
is the question of the bulkiness of the ration. Probably the relatively 
large amount of certain feeds necessary to supply a given amount 
of food nutrients is in many cases the real cause of what is some-
times termed lack of palatability. An example of this is silage. 
Heifers eat silage readily up to a certain amount; but if required 
to obtain a large part of the total nutrients of their ration from this 
"'iource, will not consume a sufficient amount. probably on account 
of the large bulk necessary. This question is of special importance 
in connection with heifers less than one year old. With animals of 
this age it is difficult to obtain a normal growth on roughage alone, 
even when the most palatable varieties are. used. 
When growing heifers are given only corn fodder or some un-
palatable hay like timothy or millet, the amount consumed is certain 
to be small on account of these factors which have been discussed. 
Protein as a factor limiting growth.-It is a recognized fact 
that a certain amount of protein is necessary for growing animals 
and the feeding standards prescribe the amounts considered neces-
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sary. It is not the intention at this time to take up the matter of 
protein requirements, except in a general way. 
The vVolff-Lehmann standard prescribes the following amounts 
of digestible crude protein for growing dairy animals. 
Age 
6-12 months 
12- 18 
18-24 
Digestible Crude 
Protein Daily 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00 pounds 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.26 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.35 
An examination of the data given in Tables 1 to 16 will show 
dearly that in many cases, for example, in Table 4, normal growth 
was obtained on a protein consumption considerably below that pre-
scribed by the feeding standard. In a later publication the writer 
expects to give data concerning the protein requirements for growth 
taken at this Station, and which indicate that the protein as pre-
scribed by feeding standards is unnecessarily high. 
For practical purposes it is sufficient to say that when a 
legume hay is fed no fear need be felt that the animals will be re-
tarded in their growth by the lack of protein, altho the amount 
received may be under that prescribed by the feeding standards. 
When the ration does not contain legume hay, for example, and 
when the roughage is from corn silage, corn, kaffir or sorghum fod-
der, timothy, red-top hay, or millet hay, the protein supply will be 
decidedly deficient and must be increased by the feeding of a con-
centrate which is high in protein. As a source of protein supply, the 
feedstuffs containing the 'larger amounts, as cottonseed meal, lin-
seed meal, gluten feed or wheat bran, are usually the cheaper. 
With a roughage ration from those feeds mentioned, at least one 
pound, and preferably more, of one of these high protein concen-
trates should be fed daily. 
How much grain to feed.-The important question of how 
much grain can be fed economically can be answered reasonably weU 
by a study of the data given. It is evident that one of the main 
factors which will determine the answer is the character of the 
roughage given. As shown in the data from Groups 15 and 16, 
when the most palatable roughages used in the corn belt, silage and 
alfalfa, are fed there is no occasion to feed grain at all, except to 
the calf for three to five months after it is weaned from inilk, and 
possibly for the pregnant heifer for a few weeks before she freshens. 
The rule is, the poorer the roughage in quality 'or palatability the 
greater the amount of grain necessary for even fair results. When 
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timothy hay and corn fodder are the only roughages used, very poor 
results are certain to follow unless liberal grain rations are used. 
Economy in wintering heifers is made possible by growing the 
proper roughage. ·whenever possible, a legume hay should be in-
cluded and certainly silage in those sections where corn is an im-
portant crop. The facts brought out in the discussion of the relation of 
winter to summer rations are also of great significance. It is evi-
dent there is no economy in feeding grain to the extent that animals 
make more than normal gains during the winter, at least, if pasture 
is usually abundant. In fact, where pasture is abundant and cheap 
and winter feeds are high, the greatest economy will be to use a 
winter ration which produces a growth rather below normal during 
the winter. It may then be expected that animals so wintered will 
make more than normal gains during the pasturing season and in 
this way make up for any small loss in gains during the winter. 
Results at this Station, however, bear out those of others to the 
effect that it is not advisable to winter animals on rations which are 
so deficient that the animals make gains far below normal and 
become low in vitality. Such a condition would result from winter-
ing heifers on silage and timothy hay, or upon corn fodder and a 
small amount of corn. Animals in this condition in the spring make 
good gains during the summer but not sufficient to regain what they 
lost as the result of poor winter rations. 
Experiments at this Station lead to the conclusion that is best 
to feed sufficiently well to bring about what has been called normal 
growth. The rations recomended are such as will make a normal 
gain possible. 
As previously indicated, our data concerning normal growth of 
dairy animals are not yet complete enough for publication, but it is 
possible to make the following statement of normal gains which is 
accurate enough for practical purposes. 
Age Ayrshire Holstein Jersey 
Months Daily gains Daily gains Daily gains 
pounds pounds pounds 
6- 9 .. .......... .. .. 1.20 1.30 1.28 
9-12 .. . .. ........... 1.00 1.00 0.88 
12-18 .... ·· ·· ·· · · · . . . 0.77 0.71 0.64 
18-24 
··· ···· ····· · .. . 
0.77 0.86 0.77 
Data are not available for other breeds but there is no reason to 
believe such figures would show any wide variations from those 
given. 
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One of the critical stages in the growing period of the dairy 
heifer usually is that immediately after milk has been dropped from 
the ration. The common, and the correct, practice in raising calves 
with skim-milk is to feed some grain as a supplement to the milk. 
·when skim-milk feeding is stopped after five or six months a too 
common practice is to discontinue the feeding of grain also and 
compel the calf to subsist on roughage alone from that time on. The. 
dropping of t\vo palatable and such readily digestible feeds as milk 
and grain from the ration at the same time is a great mistake, even 
if the best roughage is supplied. The animal under this treatment 
will, as a rule, show an actual loss in weight for a month or more 
and will gain but slowly for some time. ·when the milk feeding i~. 
stopped, the grain ration should continue and preferably be increased' 
some·what for a few weeks. It is well to continue the feeding of 
grain at the rate of two or three pounds daily until the animal is at 
least ten or tvvelve months old even when the best roughages are 
available. From this age on to within about two or three months 
of calving no grain is necessary if corn silage and a first-class grade 
of legume hay is fed. As the time of first calving approaches, it is 
important that the animal should be in good condition, and it will be 
-economical to feed sufficient grain to insure that the animal will be 
in somewhat more than moderate flesh. 
Alfalfa alone as winter ration.-It is seen from Tables 1 and 2 
that only two animals out of the seventeen wintered on alfalfa alone 
made a gain in weight equal to what is considered normal. This re-
sult is one not anticipated by many who are familiar with the high 
feeding value of alfalfa. The cause for the failure to make larger 
gains is easily seen. Altho alfalfa is probably the most palatable 
roughage used for cattle in this country and the quality fed was of 
the highest, still the animals did not consume enough to supply suf-
f~cient energy to allow for a greater growth. The following figures 
show a comparison of the energy and protein actually consumed 
with that prescribed by the \Volff-Lehmann and Armsy standards 
for growing dairy heifers. 
Standard- Jerseys 
Digestible crude protein, pounds.......... 0.96 
Net energy, therms . . . . . . . . . . . . . . . . . . . . . . 5.03 
Amount consumed-
Digestible crude protein, pounds. . . . . . . . . . 1.26 
Net energy, therms . . . . . . . . . . . . . . . . . . . . . . 4.07 
Holsteins 
1.00 
5.21 
1.42 
4.45 
It will be noted that there was a considerable excess of protein 
in the ration received by both groups. It is evident the protein sup-
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ply was not the limiting factor in the rate of growth. In energy, the 
ration supplied the Jersey group with only 4.07 therms, while Arms-
by's standard calls for 5.03 for animals of the same size. The 
Holsteins consumed 4.45 therms of energy, while the standard pre-
scribes 5.21 therms. The reason why the ration limited to alfalfa 
did not produce normal growth is due clearly to the failure of the 
animal to consume the sufficient amount. It should be pointed out 
that while the rate of growth was not up to the normal, still the 
gains in both weight and height were not far enough behind normal 
to be a very serious matter; and certainly these animals were better 
fed, and made better gains, than many animals found in herds kept 
for_ practical purposes. The full significance of the data is not 
seen until a comparison is made of the results by ages. Of the ten 
Jerseys, data for which are given in Table 1, it is seen that the 
younger animals are the furthest behind normal growth. In the 
Jersey group the tvvo that equalled the normal gain in weight were 
both more than one year old. In the Holstein group one animal 
practically equalled the normal and one exceeded it; all five others 
were below. 
A comparison of the data in Tables 1 and 2 also suggests that 
there is evidence of some breed characteristics with reference to the 
ability to use a ration confined to roughage. The Jerseys, data for 
which are given in Table 1, made 66 per cent of normal growth arid 
the H olsteins, according to data in Table 2, 80 per cent of normal 
growth. It is seen from the data given that fairly satisfactory re-
sults may be obtained by the exclusive use of alfalfa as a winter 
ration, assuming that strictly first-class hay is used in order that 
its palatability may be such that a sufficient amount will be con-
sumed. The economy of this ration, however, is an important 
question. 
In those regions where alfalfa or other high-class legume hay 1s 
grown in large quantities, and the market price is low in relation to 
other crops, it may be profitable to feed such hay alone. However, 
under conditions where hay is higher in price and an abundance of 
other feeds, especially corn silage, is grown the ration will be more 
economical if legume hay makes up only a portion of it. A com-
parison of the nutritive values of corn, bran and silage show the im-
portance of taking such facts into account. If corn is $1.25 a bushel 
and alfalfa $20 a ton, the corn is the cheaper. One pound of corn 
costing 2.23 cents will equal in net energy 2.6 pounds of the alfalfa 
costing 2.6 cents. Furthermore, as shown by the experiments re-
ported, the gains will be more where some corn is fed. 
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Silage and legume hay.-The experimental data reported in-
clude alfalfa only, but it is believed the results would be as satis-
factory when other legumes of equal palatability are fed. In those 
sections where corn is a standard crop, com silage is ordinarily 
one of the cheapest sources of nutrients; and since the silage cannot 
be put on the general market, it is always important to utilize it as. 
much as possible on the farm. 
Fifteen animals in all (Groups 7, 15 and 16) were wintered on 
silage and alfalfa. Group 9 was fed as much as would be consumed,. 
a ratio being kept of one part alfalfa to three of silage. Group 15: 
was limited to six pounds of alfalfa daily and silage at will. Group. 
10 was allowed both silage and alfalfa at will. 
Group Silage Al falfa Average Normal 
per day per day daily gains daily gains 
pounds peunds pounds pounds 
7 ..... . . .... . ..... 19.2 6.4 0.54 0.76 
15 o oo I oo o o oo o oo o o o o o 18.1 5.8 1.03 0.83 
16 ........ .. .... . . . 14.4 6.6 1.10 0.86 
Average ...... . .... . 17.2 6.3 0.89 0.82 
It will be noted that the fifteen animals on silage and alfalfa 
made an average daily gain of 0.89 pounds as compared with a 
normal gain of 0.82 pounds. Two groups were considerably above 
the normal, while one was much below. It is not clear why the 
variation was so much between these groups. Group 7, which made 
the low gains, consisted of four animals, two of which were Jerseys. 
These two Jerseys made gains of less than half the normal. 
On the whole, the ration of silage and alfalfa is a satisfactory 
one, provided the most palatable grade of hay is used. The age of 
the animal did not seem to be much of a factor in the gains made 
so far as the data show, altho the youngest animals used were more 
than eight months old. It is questionable if a calf just weaned from 
skim-milk \Vhen six months old would be able to make satisfactory 
gains on such a ration. 
Judging from the results obtained when a ration of this kind is 
used, the amount required to winter dairy heifers would be from 
twelve to sixteen pounds of silage and five to seven pounds of alfalfa 
for hei fers from six to twelve months old. For animals from twelve 
to twenty months old, it would require fifteen to twenty-five pounds 
of silage and seven to ten pounds of alfalfa. 
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The results from Group 7 are based upon a ration of one part 
alfalfa to three of silage. In the case of Group IS the alfalfa was 
limited to six pounds daily, while with Group I6 both were supplied 
at will. It will be noted that the latter group consumed a little more 
than two pounds of silage to one of alfalfa. Apparently this is 
about the ratio in which these feeds will be consumed when a group 
of animals is fed as much of both as they will eat up clean. ·when 
alfalfa or other legume hay is high in price, or the amount available 
is limited, good results may be obtained by limiting the amount fed 
to approximately five or six pounds daily and feeding as much 
silage as will be consumed. Calves from time the feeding of skim 
milk is stopped up to eight or ten months old should have some 
grain in addition to a ration of silage and legume hay. 
Comparison of alfalfa alone with silage and alfalfa.-An ex-
cellent comparison is possible between the results with Groups 1 and 2 
which received alfalfa alone, and Groups 7, IS and 16 where silage 
and alfalfa constituted the ration. The results are given by breeds 
in Table 17. 
The Holsteins on alfalfa alone made a daily gain of 0.76 pounds, 
while the normal for animals of this breed and age is 0.95 pounds. 
When silage and alfalfa constituted the ration, the daily gain was 
1.08 pounds, in this case exceeding the normal which was 0.85 
pounds. 
The Jerseys on the alfalfa ration averaged O.SI pounds daily 
gain, while the normal for these animals was 0.77 pounds. On the 
ration of silage and alfalfa the five Jerseys averaged 0.60 pounds 
daily gain as compared with the normal of 0.78 pounds. 
With both breeds the group which received the silage and 
alfalfa ration made better gains than when on alfalfa alone. The 
reason for this is made clear by the data in Table I7. It will be 
TABLE 17.-COMPARISON OF ALFALFA ALONE WITH SILAGE AND ALFALFA 
~;~, o~o:~~~a~~ ... :::::::::::::=::=::::::::::::::: I 
Alfalfa, 1bs. daily ............................ I 
Silage, lbs. daily ........................... . 
Gain, daily ...................................... .. 
Normal gain, daily ...................... .. 
Digestible protein received daily, lbs. 
Net energy received, daily, therms 
Alfalfa 
alone 
7 
10.50 
13.40 
0.76 
0.95 
1.42 
4.45 
Holsteins 
I Silage and alfalfa 
8 
11.00 
6.40 
18.90 
1.08 
0.85 
0.89 
5.26 
Alfalfa 
alone 
10 
11.80 
11.90 
0.51 
0.77 
1.26 
4.07 
Jerseys 
I Silage and alfalfa 
·-
13.00 
5.90 
15.40 
0.60 
0.78 
0.81 
4.60 
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noted that the alfalfa ration in both groups supplied an excess of 
protein over the ration of silage and alfalfa. Clearly, the difference 
in the gains made by the two groups is not a question of protein 
but of energy supplied. ·when silage and alfalfa were fed, about 20 
per cent more net energy, or total nutrients if it be desirable to 
measure the feed value of the ration in these terms, were consumed 
in excess of that taken when the animal received alfalfa hay alone. 
The data given in Table 17 suggest that the Holsteins were 
better able than the Jerseys to utilize a ration of roughage exclu-
sively. The Jerseys did not equal the normal growth figures either 
on the ration of alfalfa exclusively or the ration of silage and 
alfalfa, while the Holsteins on the silage and alfalfa exceeded the 
normal rate of gain. 
From the standpoint of economy where corn is an important 
crop, it will, in practically every case, cheapen the ration to use 
silage for part of the ration in preference to alfalfa exclusively. 
From the standpoint of total digestible nutrients, 2.2 pounds of corn 
silage equals one pound of alfalfa. 
Legume hay and corn.-One of the most practical rations for 
large sections of the country is a legume hay and a limited amount 
of grain, which will usually be corn, wherever this is an important 
crop. The tests referred to herein are limited to alfalfa and clover 
hay; but since these were found to give approximately the same re-
sults, and other legumes such as cowpeas and soybeans do not dif-
fer much in composition, it seems safe to apply the results from 
alfalfa and clover to legumes in general. It must be kept in mind, 
however, that the hays used in these experiments were in all cases 
of the choicest quality and, therefore, very palatable. A less pala-
table quality of hay will not be eaten to the same extent and re-
sults, therefore, may differ somewhat. The following is a summary 
of the experiments in which alfalfa and clover were fed as the 
exclusive ration with a limited amount of corn. 
Group Hay Corn Average Normal 
fed fed per daily gains daily gains 
day Pounds Pounds 
4 . ... ... ... .... clover 3 0.85 0.78 
5 .... .. .... . ... alfalfa 2 0.97 0.83 
9 . ..... . ..... .. alfalfa 3 0.85 0.79 
These data, taken three different years and including twelve 
animals, show that entirely satisfactory gains were made in all cases 
on a ration of this character. In fact, in all three trials the gains were 
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slightly above the normal. The data given show equal, and in fact 
slightly better, results as compared with the normal where two 
pounds of corn were used in place of three. It is not probable that 
further data would bear out these results and show better gains from 
two than from three pounds of corn daily as a supplement to the 
alfalfa. It seems safe, however, to conclude that two pounds are 
sufficient to give entirely satisfactory results. It will also be noted 
that the results for the group which received clover were practically 
the same as for the group which received alfalfa. 
One of the most important conclusions to be drawn from these 
five years' experience in collecting data on the wintering of heifers 
is the important relation the age of the animal bears to the utiliza-
tion of the ration. For this reason the adaptability of each ration 
is considered for animals of different ages. The data available 
(Groups 4, 5, and 9) include animals from 8 to 17 months old. If 
the data for those below 12 months old and those above this age 
be averaged separately, it will be found that the older group makes 
a somewhat better showing in regard to the normal than the younger; 
but the difference is not very significant. It is clear then, that this 
ration is entirely satisfactory for all ages. It is entirely possible to 
cause a more rapid development of the animals, that is, a rate of 
growth considerable above the normal, if it be desirable, by giving 
a larger allowance of corn or other concentrates. 
The question of economy of a ration of legume hay with an al-
lowance of two or three pounds of grain daily as compared with 
other rations can only be answered. by taking into account all the 
conditions involved, the most important factors being the com-
parative prices of other feedstuffs. A further consideration of this 
question is found in another paragraph. 
Silage alone or with timothy hay for roughage.-Unfortu-
nately, it happens only too often that legume hay is not on hand, or 
in small quantities only; and the question arises as to what extent 
silage may be used as roughage in the ration for the growing 
animals. Experiment 2, Group 3, was arranged to give data on this 
point. The roughage received by group 3 was silage exclusively. 
It is possible to maintain dry cows in good condition during the 
winter on silage alone. Silage alone, however, is not a satisfactory 
ration for young growing animals for two reasons. The first is 
that young animals will not eat enough of a bulky feed of this 
character to supply sufficient nutrients for growth. The second 
reason is that silage is altogether too low in protein to make it pos-
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sible for an immature heifer to obtain sufficient protein for growth. 
Clearly, some concentrate must be supplied and this must contain 
considerable protein to make up the deficiency of the silage in this 
respect. 
Group 3 received, in addition to all the silage they would con-
sume, two pounds daily of a mixture of one-half corn and one-half 
cottonseed meal. Even with the one pound of cottonseed meal, as 
seen in Table 3, the digestible crude protein received was only 0.65 
of a pound, an amount only about two-thirds of that prescribed by 
the feeding standards. The energy in the ration was also consid-
erably below the standard. This shows that the capacity, or the 
appetite, of young animals is not sufficient to enable them to con-
sume silage to such an extent as to supply the energy necessary to 
make normal growth. On this ration the animals did fairly well but, 
as shown by the data, did not make quite a normal growth. Further-
more, the animals, especially near the end of the experiment, became 
somewhat restless and consumed considerable straw if given oppor-
tunity. For this reason it was thought desirable to repeat the test 
with the same ration, except to add two pounds of timothy to the 
daily ration. With this modification the animals seemed more con-
tent and their gain in weight was slightly above normal. It should 
be pointed out that the youngest in this group was eleven months 
old at the beginning of the 150-day period. It is very questionable 
if equally as good results would have been found had the animals 
been several months younger. The addition of the timothy hay did 
not increase the protein appreciably, but the animals ate practically 
the same amount of silage as did the group which did not receive 
timothy hay, hence the total energy of the ration was more. This is 
apparently the explanation of the better gains made by this group . 
. Under conditions that often occur this ration is an entirely prac-
tical and satisfactory one. It is believed that oat straw or corn 
stover could be substituted for the timothy hay with equally good re-
sults. A fairly satisfactory arrangement would be to allow heifers 
access to corn stover, oat straw or timothy hay during the day, then 
to feed what silage they will eat morning and night, together with 
t•vo pounds daily of a mixture of equal parts corn and cottonseed 
meal. 
Relation of winter ration to summer gains.-It has been noted 
by several experimenters that the character of the winter ration re-
ceived by growing cattle has a noticeable effect upon the rate of 
gains made the following summer. Burnett and Smith11 as a result 
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of observations made with beef cattle say, "Calves which have been 
full-fed during the winter are certain to lose a part of their grain 
flesh when placed on green grass without grain. On the other 
hand, wintering without grain of any kind and allowing calves to 
run down in flesh and vitality is not economical." Table 18 gives 
such portions of data from these experiments as bear upon this sub-
ject. The data for Groups 3 and 4 were taken during the winter 
of 1913-14 and the following summer. The character of the rations 
received may be seen in Tables 3 and 4. The summer gains were 
in the reverse order to the winter gains. Group 3, which gained 
0.71 pounds daily in winter, gained 1.02 pounds daily on pasture. 
Group 3 gained 0.85 pounds in winter and 0.66 pounds in summer. 
The data for Groups 5, 6, and 7 were taken during the winter 
of 1914-15 and the following summer. The wintering period repre-
sents five months and the data for the pasturing period represents 
six months. The animals of each group were in the same pasture 
and subject to the same conditions in every way. 
It will be noted that the summer gains were exactly in the re-
verse order to the winter gains. Group 7 gained 0.55 pounds daily 
in winter and 0.96 pounds in summer. Group 6 gained 0.82 pounds 
daily in winter and 0.82 pounds in summer. Group 5 gained 0.97 
pounds daily in winter and 0.72 pounds in summer. 
TABLE 18.- lNFLUEN CE OF THE WINTER RATION ON .GAINS THE FOLLOWING 
SUMMER 
Weights I Height at withers 
Win te ring period 1 Summer period \Vinter ing period I Summer period 
Group No. 
I 
Height I Normal I Height 1 Normal Daily N?rmal I Daily I N~rmal gain gam gain gatn increase heigh t increase I incr ease 
tncrease hetght 
lbs. lbs. lbs. lbs. em. em. em. em. 
3 
···········-
0.71 0.77 1.02 0.72 7.0 7.7 5.6 5.3 
4 
···········-
0.85 0.78 0.66 0.86 7.2 7.5 6.7 5.6 
7 
········----
0.55 0.76 0.96 0.77 7.3 6.3 4.7 4.6 
6 
---·--------
0.82 0.77 0.82 0.78 7.9 6.1 4.3 4.8 
5 
···········-
0.97 0.83 0.72 0.76 8.2 7.8 5.1 4.7 
13 
··----------
0.35 0.82 0.88 0.86 7.8 9.3 6.4 5.4 
11 
············ 
1.10 0.72 0.71 0.90 l 0.1 7.8 5.3 4.8 
12 
·-···-·····-
1.63 0.86 0. 15 0.91 10.1 7.2 5.1 5.3 
- - · 
Groups 11, 12, and 13 in Table 18 shovv the results with animals 
where the conditions were more extreme during the wintering period. 
The details of rations received are given in Tables 11, 12 and 13. 
Again in this case the summer gains were in the reverse order to 
the winter gains, as shown in the following statement. 
WINTER RATIONS FOR DAIRY HEIFERS 45 
Daily gains 
winter 
pounds 
Daily gains 
summer 
pounds 
Group 
Group 
Group 
13 .. . . . .... ....... . . . ..... . .. . .. . . . . . 0 .35 
. ........ . ......... . ..... . . . ... . ... 1.10 11 
12 1.63 
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FIG. 15.-INFLUENCE OF WINTER RATIONS ON SUMMER GAINS 
These data represent Groups 11 , 12, 13 . The upper pair of lines rep resent 
Group 13 which received the light ration; the middle pair, Group 11, the medium 
ration; and the lower pair, Group 12, the heavy ration. The normal in each case 
represents the normal weight for the gro up . Note the animals on the ligh t ration 
star ted below normal, lost badly during the winter season, gained a little more 
than normal during the summer but did not regain what was lost in the winter. 
The medium ration group followed the normal closely during t he winter and also 
on pasture. The heavy-fed group started 25 pounds below normal, by the end 
of the winter season were 121 pounds above, but made practically no gain during 
the time on pasture, and were slightly below normal at the end. 
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The results are quite extreme, due to the marked difference in 
the winter rations. The data for these three groups are also shown 
in Figure 15. 
It is clear the tendency is strong for those making small gains 
during the winter to make large gains during the following summer. 
In the data given it is· probable the summer gains would have been 
better had the pasturing conditions been good. 
Group 13, altho they made a trifle more than normal growth 
in weight during the pasturing season, did not gain back what they 
lost during the \Vinter. Group 11, wintered on a ration which resulted 
in a little more than normal growth, made growth but slightly be-
low the normal while on pasture. Group 12, which was wintered 
on a ration supplying a liberal amount of grain and allowing a daily 
gain of 1.63 'pounds, gained on the average only 0.15 pounds daily 
during the s;ummer. In fact, one of the animals in this group 
actually weighed less in October than she did the previous April 
when the wintering trial ended. The results with Group 13 bear out 
the conclusion of Burnett and Smith quoted to the effect that it does 
not pay to winter animals under such conditions that they are run 
down in flesh and vitality This evidently was the case with Group 
13. It was noted that they did not respond for some time after 
they were turned on a good blue grass pasture. The data as shown 
in Figure 15 make this clear. Clearly, Group 13 was wintered on a 
ration which so lowered the physical condition and vitality of the 
· animals that the summer gains were not as great as would have been 
the case had the animals been in better condition in the beginning. 
Group 11 which made a gain somewhat above normal during the 
winter fell a little behind the normal during the summer. 
The data given for increase in height at withers shows, as 
already pointed out, that changes in ration do not have much effect 
upon the rate of growth of skeleton, except where the rations are 
rather extreme. This is shown in Table 18 by comparing the data 
from Group 3 with that of Group 4 and by comparing Groups 5, 
6 and 7. In these no effect is apparent upon the rate of skeletal 
growth. Groups 11, 12, and 13, however, where the rations were 
more extreme, show that the skeletal growth was also affected but 
in a much less degree than the weight. Group 13 during the winte-
fell somewhat behind the normal, while in the summer the same 
group exceeded the normal. Group 12 on the very liberal ration ex-
ceeded the normal increase during the winter by a wide margin, but 
fell behind the normal during the summer. From a practical stand-
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point the question is, how liberally should the heifer be fed during 
the winter? It is clear that by the liberal use of grain rapid gains 
may be made during the winter but these will be followed by low 
gains the following summer, if the animal is compelled to subsist on 
grass alone. Animals wintered on the best roughage, or a roughage 
ration with a small grain allowance so that a growth approximating 
the normal is made during the winter, will continue to make about 
a normal growth on good pasture. Animals wintered on a ration 
of such character that very small gains are made will require some 
time to recover and ·will not do as well on the whole as those which 
more nearly follow the normal thruout. As a rule, the economical 
ration for the growing heifers must be composed mostly of roughage, 
allowing only enough grain to make a satisfactory growth. If sum-
mer conditions are good, that is, if pasture is abundant, animals will 
recover from conditions of wintering which were not especially 
favorable. 
Relation of breed to winter rations.-The data available repre-
sent the Jersey, Holstein and Ayrshire breeds, but that from the 
Ayrshire is too limited to be of any significance as a breed compari-
son. The Jerseys and Holsteins, however, represent the two ex-
tremes of the dairy breeds in size and other characteristics; and it 
is reasonable to assume that results for other breeds will be inter-
mediate. A comparison of the data shows that usually the Holsteins 
are able to thrive rather better than the Jerseys on a ration of rough-
age alone. This conclusion is not based upon the daily gains, since 
it is to be expected that the Holsteins, with their larger normal rate 
of gain, would exceed the Jerseys in this respect. The results from 
feeding alfalfa alone, Tables 1 and 2, show the following: 
No. of Breed Hay Net Gains Net energy 
Animals daily Energy daily per lb. gain 
pounds Thenns pounds Therms 
10 . .... Jersey 11.9 4.07 0.51 7.98 
7 ..... Holstein 13.4 4.45 0.76 5.70 
In this case, altho more than a month younger, the Holsteins 
consumed more feed than the Jerseys, and made greater daily gains 
at a less expense for feed. 
The next comparison is Group 7 where the ration was silage and 
alfalfa, both at will. The results are given in Table 19. 
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TABLE 19.-COMPARISON OF B REEDS ON A RATION OF SILAGE AND ALFALFA 
Average age, months -····-············--···-···-----·-······· .. u····--· .. ···-·····-·-- ------· 
Silage consumed daily, pounds ·······································-··············· 
Alfalfa consumed daily, pounds ................................................... . 
Net energy daily, therms ............................................................... . 
Daily gains, pounds ........................................................................... . 
Normal daily gains, pounds ..................................................... - ...... . 
Energy for a pound of gain ......................................................... . 
H olsteins 
10.5 
20.8 
6.7 
5.87 
0.80 
0.81 
7.33 
Jerseys 
14.50 
17.60 
6.00 
5.00 
0.30 
0.71 
16.66 
Altho the Holsteins were handicapped by being younger, they 
consumed more roughage than the Jerseys and made decidedly bet-
ter gains. 
Another comparison within Groups 15 and 16 is given in Table 
20. 
TABLE 20.-COMPARISON OF BREEDS ON A RATION OF SILAGE AND ALFALFA 
Average age, months ....................................................................... . 
Number animals ·····················································-··············-··········· 
Silage daily, pounds ........................................................................... . 
Alfalfa daily, pounds ....................................................................... . 
Net energy daily, the rms ·················- ······························· ·················· 
Daily gain, pounds ............................................................................. . 
Normal daily gain, pounds ·······················-······································· 
Net energy for 1 pound gain, therms ........................................... . 
Holsteins 
11.50 
6 
18.30 
6.20 
5.22 
1.17 
0.87 
4.47 
Jerseys 
11.30 
3 
14.60 
5.80 
4.35 
0.89 
0.81 
4.88 
These figures again show that the Holsteins consumed more 
roughage than the Jerseys and used less energy in proportion to a 
pound of gain. The Holsteins made 134 per cent, and the Jerseys 
109 per cent of the normal gain. 
To study this relation of breed to the use of roughage further, 
the data given for rations which contain considerable grain should 
also be studied. If, as is suggested by the data just given, the Hol-
stein breed is able to do better than the Jersey on a ration composed 
of roughage exclusively, the Jerseys should give better relative re-
sults where part of the nutrients come from concentrates. The data 
in Tables 5, 8, and 9 make such comparison possible. When these 
data are combined, they show that on a ration of this kind both 
breeds exceeded the normal gains and the difference between the two 
was small. 
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Cost of wintering heifers.-Any attempt to give the cost of 
wintering heifers in terms of dollars and cents is bound to be unsat-
isfactory and to have only a temporary value, since the prices of 
feed vary extremely from year to year and from one locality to an-
other. For this reason no attempt is made to represent the cost of 
wintering the animals used in these experiments in money values, 
but rather in terms of amount of feed required. In most cases the 
owner has roughage on hand and the question is how to use it to 
the best advantage. \Vhere all feed is purchased, the problem is 
purely one of obtaining a satisfactory ration at the least expense. 
The following figures based upon experiment;J.l results at this 
station indicate approximately the amount of the various feeds re-
quired daily and the total for six months when the rations given are 
used. 
TABLE 21.-RATION, ALFALFA ALONE 
Jerseys Holsteins 
Age 
Hay required Hay consumed Hay required Hay consumed 
daily 180 days daily 180 days 
Pounds Pounds Pounds Pounds 
6 to 12 mo. ••n•••••••• 8 to 12 1450 to 2200 10 to 14 1800 to 250fr 
12 to 18 mo ..••..•• - ..... 10 to 15 1800 to 2700 12 to 18 2200 to 3240 
18 to 24 mo. 
------------
12 to.18 2200 to 3240 15 to 20 2500 to 3600 
These figures represent the maximum amount which the animals 
may be expected to eat of this ration. The amounts given supply 70 
to 80 per cent of the nutrients necessary to insure normal growth. 
As pointed out previously, growing dairy heifers will not consume a 
sufficient amount of a ration of alfalfa alone to make normal growth. 
TABLE 22.-RATION, SILAGE AT WILL, ONE PouND EAcH DAILY oF CoRN, AND 
ONE PouND oF CoTTONSEED MEAL 
Jerseys 
Age 
Hay required I Hay consumed 
daily 180 days 
Pounds 
6 to 12 mo............. Silage, 15 to 20 
Pounds 
2700 to 3200 
180 Com, 1 
Cottonseed " 
meal, 1 
12 to 18 mo............. Silage, 18 to 25 
Corn, 1 
Cottonseed 
180 
2800 to 3600 
180 
meal, 1 180 
18 to 24 mo .... .,....... Silage, 22 to 30 3600 to 4500 
Corn, 1 180 
Cottonseed 
meal, 180 
Holsteins 
Hay required I Hay consumed 
daily I80 days 
Pounds 
15 to 22 
1 
1 
20 to 28 
1 
1 
25 to 35 
1 
Pounds 
2160 to 3600 
180 
180 
3240 to 4300 
180 
180 
3960 to 5000 
180 
180 
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This ration in the amounts given supplies from 60 to 65 per 
cent as much protein as the feeding standards call for and from 
70 to 90 per cent of the energy. Animals on this ration will make 
almost a normal growth. If timothy hay, corn fodder or oat straw 
is fed, from two to four pounds daily will be consumed without de-
creasing the amount of silage eaten; and the results will be more 
satisfactory. 
TABLE 23.-RATION, LEGUME HAY AT Vv'rLL, Two PouNDs CoRN DAILY 
Jerseys Holsteins Age 
Hay required I Hay consumed daily 180 days Hay required Hay consumed daily 180 days 
I 
Pounds I Pounds Pounds Pounds 
6 to 12 mo ..................... Hay, 7 to 10 1260 to 1800 9 to 12 1620 to 2160 
Corn, 2 I 360 2 360 
12 to 18 mo ..................... Hay, 9 to 12 i 1620 to 2160 10 to 15 1800 t o 2700 
Corn, /~to 14 1 360 2 360 18 to 24 mo ..................... Hay, 1800 to 2520 14 to 18 2520 to 3240 
Corn, 360 2 360 
This ration approximates the feeding standards closely in both 
protein and energy and the amounts given will be readily consumed 
if the hay is of good quality. 
T ABLE 24.-RATION, SILAGE AND ALFALFA AT WILL, CoRN Two PouNDS 
Jerseys Holsteins Age --------·~----------~-------------·-----Hay required I Hay consumed daily 180 days Hay required Hay consumed daily 180 days 
Pounds Pounds Pounds Pounds 
6 to 12 mo ..................... Silage, 7 to 15 1260 to 2520 10 to 20 1800 to 3240 
Alfalfa, 4 to 6 900 to 1260 5 to 8 900 to 1620 
Corn, 2 360 2 360 
12 to 18 mo •.................... . Silage, 10 to 16 2160 to 3240 16 to 22 2700 to 3600 
Alfalfa, 6 to 8 1260 to 1800 8 to 10 1440 to 1800 
Corn, 2 360 2 360 
18 to 24 mo ..................... Silage, 14 to 20 3240 to 3600 20 to 25 3240 to 4500 
Alfalfa, 7 to 8 1620 to 2160 8 to 12 1620 to 2160 
Corn, 2 360 2 360 
This ration contained both protein and energy to an 
somewhat above the standards. The rate of growth due 
ration will be slightly above the normal for the breed and 
the animals represented. 
amount 
to this 
ages of 
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TABLE 25.-RATION, SILAGE AND LEGUME HAY AT WILL 
Jerseys Holsteins 
Age 
Hay required 1 Hay consumed Hay required I Hay consumed daily 180 days daily 180 days 
Pounds Pounds Pounds Pounds 
6 to 12 mo .. ------··------··· Alfalfa, 4 to 6 720 to 1280 5 to 8 900 to 1080 
Silage, 10 to 15 1800 to 2700 10 to 18 1800 to 3240 
12 to 18 mo·---·-------····-···- Alfalfa, 5 to 8 900 to 1440 7 to 9 1260 to 1620 
Silage, 12 to 20 2160 to 3600 12 to 20 2160 to 3600 
18 to 24 mo ..................... Alfalfa, 7 to 9 1260 to 1620 8 to 10 1440 to 1800 
Silage, 15 to 25 2700 to 4500 15 to 30 2700 to 5400 
Animals less than twelve months old when fed this ration will 
fall a little below the normal in rate of growth. Animals older than 
this will, as a rule, make about a normal growth. 
SOME PRACTICAL WINTER RATIONS 
1.-When silage and legume hay is on hand, or can be pur-
chased economically, the ration suggested is as follows: Corn 
silage and alfalfa, clover, cowpea or soybean hay at will; and for 
animals less than ten months old two pounds of grain daily in ad-
dition. The grain fed may be corn, or a mixture of other grains 
if the cost a pound is less. For heifers within three months of calv-
ing two to five pounds of grain should be fed daily, depending upon 
condition. The object is to have them in good flesh at calving time. 
2.-When corn silage is on hand, but no legume hay, a satis-
factory ration is silage at w~ll for roughage, with some dry feed 
such as hay or fodder. Two or three pounds of concentrates should 
be fed daily, one-half of which should be a high protein feed such 
as gluten feed, linseed meal or cottonseed meal. The remaining 
half may be corn, oats, bran or any other mixture, if cheaper a 
pound than corn. 
3.-When an abundance of legume hay, but no silage, is on 
hand a satisfactory ration is alfalfa, clover, cowpea or soybean hay 
at will, and two pounds of corn daily. Other grains may be sub-
stituted with economy if the cost a pound is less than corn. · On a 
ration of legume hay dairy heifers will do fairly well but will not 
make a normal growth. It is believed to be economical, as a rule. 
to feed a limited amount of grain in addition. 
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4.-When corn fodder, or kaffir fodder, or timothy hay is on 
hand, but no silage or legume hay, it is generally best to purchase 
legume hay. The suggested ration is legume hay one-half, timothy 
hay one-half and corn fodder at will. \i\/ith this should be fed a 
grain mixture composed of one part gluten feed, or cottonseed or 
linseed meal, and two parts corn. Other concentrates may be used 
in place of corn if the cost a pound is less. 
If legume hay cannot be purchased, more grain must be fed 
for even fair results. Under these conditions the ration suggested is: 
Hay and fodder at will, with five pounds daily of a grain mixture 
composed of one part corn, one part bran, one part cottonseed meal, 
linseed meal, or gluten meal. 
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SUMMARY AND CONCLUSIONS 
The data presented include those taken during six winters, and 
for a portion of the animals also include a record of growth during 
the pasturing season following the wintering period. The total 
number of animals used was seventy-seven. 
The results are measured by daily gains in live weight, and by 
increase in height at withers. The basis of comparison is the normal 
increa~e in weight, and height measurements at withers, as de-
termined from data taken at this Experiment Station. The results 
may be summarized as follows: 
1. Heifers should be raised mostly on roughage. 
2. Grain feeding should continue for sometime after milk 
feeding is stopped, since the common practice of discontinuing feed-
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ing of grain and of skim-milk at the same time requires too great 
an increase in the consumption of roughness; and the animal will 
not consume a sufficient amount for sometime even on good pasture. 
As a result growth will be slow for two or three months and may 
.even be checked entirely for this interval. 
3. From the time the animal is ten months old it should be fed 
mostly on roughage of the proper kind until within two or three 
months of calving time, when it is desirable to begin feeding some 
gram. 
4. This plan of feeding will result in some cases in the heifers 
being slightly under the normal size during the growing period; and 
when this condition is evident, it should be counteracted to some 
extent by delaying the time of breeding these animals. 
5. The amount of grain that can be fed economically depends 
largely upon the character of the roughage. Palatable roughage, 
especially corn silage and legume hay, makes it possible to obtain 
satisfactory results with the minimum amount of grain. 
6. Animals fed a ration which results in a heavy gain during 
the winter make small gains the .following summer on pasture. 
Those which make normal gains during the winter make about 
normal gains the following summer on pasture, while those which 
make gains pelow normal during the winter gain in excess of the 
normal during the summer. If winter conditions, however, are suf-
ficiently extreme so the animals are low in vitality in the spring, the 
gains made during the summer are not sufficient to make up for 
the small gains made during the winter. 
7. The best results follow a winter ration of such a character 
that the animal makes a growth near normal. This means keeping 
them in moderate flesh. 
8. The palatability and bulkiness of a ration are often the limit-
ing factors in the amount consumed and, as a result, in the gains 
made. For example, a ration which meets the requirements as laid 
down by the feeding standard may be formulated from timothy hay 
and cottonseed meal; but heifers will not make normal growth on 
such a ration. 
9. Under conditions of feeding as practiced on some farms, 
especially in the corn belt, the protein in the ration is the factor 
which limits growth, altho normal growth may be obtained from 
rations furnishing considerably less protein than the feeding stand-
ards prescribe. A ration containing a legume hay will seldom be 
deficient in protein. 
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10. On a ration of first-class alfalfa, or other legume hay fed 
alone, dairy heifers will make a gain of from 0.65 to 0.9 pounds 
daily, which is somewhat below the normal. The limiting factor, 
when this ration is fed, is that a sufficient amount is not consumed 
to supply the energy necessary for making normal growth. The 
economy of such a ration depends upon the comparative value of 
the legume hay and other feeds. 
11. Silage and a legume hay, both fed at will, make one of the 
most practical rations and give considerably larger gains than alfalfa 
or other legumes fed alone. On this ration heifers more than nine 
months old as a rule make normal growth during the wintering 
season. Calves younger than this need some grain in addition, or 
normal growth will not result. 
12. When silage and legume hay are both fed at will the ani-
mals will consume about two pounds of silage to one of hay. 
13. The most satisfactory ration of all those tried was silage 
at will, legume hay limited to about six pounds daily, and two pounds 
of corn daily. On this ration heifers of all ages thrived and made 
gains somewhat above the normal. 
14. Fair results may be obtained from silage alone for rough-
age, if legume hay is not available. In this case about two pounds 
of concentrates should be supplied daily, of which one-half should 
be a high protein feed such as linseed or cottonseed meal, the re-
mainder corn, or other grains if the cost is less a pound than for 
corn. The animals will be more contented and will thrive somewhat 
better if they also have access to some dry feed such as oat straw, 
corn fodder, or hay. 
15. Legume hay fed at will, with two or three pounds of corn 
or other grain daily, makes an entirely satisfactory ration for heifers 
of any age from six months to within a few weeks of freshening. 
16. The results of these investigations further substantiate 
the facts established by previous work at this · station that the effect 
of different rations is much more marked upon the growth as rep-
resented by weight than upon skeletal growth. 
17. The data show that on rations composed mostly of rough-
age Holsteins are able to make better gains as compared to the nor-
mal than are Jerseys. 
